ss July/August 1996 
, £ 4-00 


Tp, 
: Ce My) 


Lit, fj 
a try 


S 


9°770268' 451890 


APPLICATION N 
Waveform 


Sound-to-li 
Tempera 
Up/down coun 
D-bistable/inve 


Signal-controlled 

12 V stroboscope 
Day-running lights 

Touch switch with 
Chronometer/counter 
Lambda probe monitor 
Overheating alarm 
Signal-controlled switch I 

32 kHz oscillator 

Inexpensive emergency light 
General-purpose text display 
Constant-phase sine/cosine filter 
Polarity corrector 


July/August 1996 
Volume 22 
Number 246 
ISSN 0268/4519 


POWER SUPPLIES & BATTERY CHARGERS 
etrical power supply 


Continuity tester 


50 MHz dBm meter 
Frequency meter — = = 


Power buffer for function generate E 
splay interface 
ogrammablie lll = 


~ DVM as phase cia : 


MISCELLANEOUS INFORMATION 


YOUNG RADIO AMA- 
TEUR OF THE YEAR 
AWARD 1996 


The  Radiocommunications 
Agency, an Executive Agency 
of DTI, in conjunction with the 
Radio Society of Great Britain 
(RSGB} has announced the 
Young Radio Amateur of the 
Year Award 1996. The compe- 
tition, which is for the most 
outstanding achievement by a 
young amateur radio enthusi- 
ast, is open to anyone under 
18 who has an interest in 
radio, Candidates do not have 
to be licence holders to apply, 
but the following arcas of 
activity will be taken into 
account when applications are 
assessed, 


* pty radio construction; 

* operation of radio; 

* community service (e.g., 
helping the disabled or 
assisting in emergency 
communications; 

* encouraging others (e.g., 
through the novice licence 
scheme; and 

* school projects. 


The idea behind the scheme is 
to generate interest in ama- 
teur radio and to encourage 
people to become involved for 
themselves. 

The prize for the most out- 
standing achievement —be- 
tween August 1995 and 31 
July 1996 will be awarded by 
the Radiocommunications 
Agency and presented at the 
RSGB’s HF Convention in 
October 1996, All entrants 
will receive a copy of the 
RSGB’s amateur radio log 
book, while the winner will 
receive a £300 cash prize, and 
the runner-up a £ 50 cash 
prize, from the Agency. Both 
winner and runner-up will also 
be invited to visit the Agency’s 
Radio Monitoring Station at 
Baldock, Hertfordshire. In the 
past, the radiocommunica- 
tions industry has also been 
very supportive of this award 
and has provided additional 
prizes for both the winner and 
runner-up. 

The closing data for appli- 
cations is 31 July 1996. The 
award 1s open to any resident 
of the UK, the Channel Islands 
or the Isle of Man, who has 
not reached his/her 18th birth- 
day by the closing date. 
Entrants must be nominated 
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by an adult sponsor. 
Applications should be 
sent to: Young Amateur of 
the Year Award, Radio 
Society of Great Britain, 
Lambda House. Cranborne 
Road, Potters Bar, Herts EN6 


3JE. Telephone 01707 
659 015, 
INTERNET USERS 


Various surveys have tried to 
establish how many pcople in 
Britain are using the Internet. 
Best estimates suggest that 
throughout the country about 
3 million people have at least 
some experience of it. Statis- 
tics also show that many more 
people are planning to use 
the global network this year. 
Interestingly, almost twice as 
many Britons have heard of 
the Internet than have heard 
of digital television. 


Barclays Merchant Services, 
the credit card division of 
Barclays Bank in Britain, has 
set up an on-line shopping 
centre which, it claims, will 
lead the way for secure finan- 
cial transactions via the Inter- 
net. Called BarclaySquare, it 
features many of Britain's top 
retailers and is the first big 
on-line centre in the country. 
The site uses a new secure 
method of transferring credit 
card details and takes advan- 
tage of Netscape’s SSL built-in 
security layer. 

With the opening of the 
Cate Internet, close to Buck- 
ingham Palace and Victoria 
Station, London now has its 
second Internet venue. It is 
already attracting a wide 
audience: business people, 
students, tourists, and a curi- 
ous general public. In particu- 
lar, forcign students are find- 
ing the Cafe an ideal location 
for temporary e-mail 
addresses and business peo- 
ple are lining up for training 
sessions. The cafe, which also 
serves wines and beer, can be 
e-mailed on cafe@cafeinter- 
net.co.uk 


Overseas companies wishing 
to expand operations to 
Britain may find the Commis- 
sion for New Towns guide 
useful. It lists development 
sites around the country with 
details on spare capacity. 
Access by Internet Is: 
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http:/Awww.cnt.org.uk 


RAPID PROTO- 
TYPING OF 
EDM ELECTRODES 


Engineers can now view a 
physical model within hours of 
completing a design, thanks to 
rapid prototyping (RP) tech- 
nology which enables the pro- 
duction of 3-dimensional 
models from CAD (computer- 
aided design) data. 

The benefit of rapid 
prototyping is that the model 
is produced exactly as the 
designer intended without any 
artislic interpretation from a 
modelmaker or pattern 
maker, This model can be 
used for touch, feel, fit and 
function but more importantly 
as a master pattern for tool- 
ing. Various tooling technolo- 
gies are being researched and 
developed at present. 


Reducing costs 

These technologies are chal- 
lenging the role of traditional 
tooling owing to lower volume 
requirements and lower cost, 
As a result, the rapid proto- 
typing systems and the models 
or master patterns they pro- 
duce are capable of compress- 
ing the time between design 
and manufacture, lowering 
the cost of tooling, thereby 
increasing profitability, quality 
and compctitiveness. 


Servo System 


Cavity 


Electrode 


Electrical discharge ma- 
chining (EDM) has been used 
since World War II to produce 
cavities that would otherwisc 
be difficult or near impossible 
to machine. A requirement of 
both the tool and work piece 
is that they are both electri- 
cally conductive. The process 
generates a serics of sparks 
between the tool and work 
piece while submerged in a 
non-conductive fluid. Both 
the work piece and tool melt 
locally around the site of the 
spark, eroding both surfaces, 
the debris is then flushed 
away from the work area, 
Wear of the work picce is sig- 
nificantly greater than the 
tool. 

The tool is fed in a con- 
trolled manner toward the 
work piece until a cavity of 
similar shape to the electrode 
is formed in the surface of the 
work piece. The process is 
relatively slow in comparison 
to traditional CNC machining 
techniques, Recent advances 
in EDM machinery and its 
ability to machine unattended 
throughout the night have 
seen a steady increase in its 
use by toolmakers. 


Drawback 

However, its main drawback 
is that an electrode has to be 
gencrated, usually in copper 
or graphite, using traditional 
machining techniques before 
die-sinking can begin. Faster 
approaches for the genera- 
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tion of EDM electrodes must 
be found if they are to be truly 
competitive with — other 
machining techniques. 

By using plated electrodes, 
a rapid prototype model can 
be plated directly or a morc 
suitable epoxy-resin master 
pattern cloned from it. This 
master pattern is placed 
within the electroplating and a 
layer of 2-3 mm is applied. 
The finished copper shell is 
suitably mounted and can be 
used as an electrode. 

The process produces high- 
quality electrodes, but is only 


suitable for the generation of 


very large electrodes or very 
complicated geometries, Work 
on the plating of rapid proto- 
type patterns for use as elec- 
trodes has been under way for 
some time at both the Univer- 
sity of Warwick and the Uni- 
versity of Nottingham. 
Thermal spray equipment, 
using metal sprayed elec- 
trodes, has been available for 
some time in the following 
forms: are spraying, plasma- 
are spray, transferred plasma- 
are spray, and high-velocity 
oxygen fuel (HVOF). In each 
process, the material is 
melted, atomized and carried 
at speed on to a substrate, 
where bonding of the particles 
occurs. By successive deposi- 
tion, a metal shell of a few 
millimetres thickness can be 
generated in a few hours. 


Commercial use 

It is possible to apply a thin 
layer of copper to a thermally 
stable pattern cloned from an 
RP model. This process is fast 
(a matter of minutes), but 
unfortunately the copper shell 
is relatively weak owing to 
porosity/oxidation and erodes 
very quickly, Recent research 
within the Warwick Manufac- 
turing Group (WMG) has 
resolved this problem. Further 
development should sce the 
commercial use of these tech- 
niques. 

What is particularly encou- 
raging is that the capital cost 
of are-spray equipment is rela- 
tively low, potentially giving 
small companies the opportu- 
nity to manufacture elec- 
trodes. Electrode casting is 
advantageous in the produc- 
tion of complex electrodes. 
These are ideally suited to 
investment casting, which is of 
the oldest known routes for 


the production of metal com- 
ponents. Investment casting 
involves the creation of a cer- 
amic shell around an RP pat- 
tern. The pattern is then 
burnt from the shell during a 
firing process. Copper can 
then be cast in to the cavity 
and when the metal has solid- 
ified the shell is removed 
from the cast electrode. 

When more than one elec- 
trode is required, the RP pat- 
tern can be used to construct 
a simple resin tool into which 
wax can be poured or 
injected. The wax patterns 
produced from this tool can 
be used to investment-cast 
many ¢clectrodes. Work within 
the WMG has shown that cast- 
ing is a perfectly acceptable 
route producing reliable elec- 
trodes in as litile as one to 
two weeks. 

Keltool Inc. in the USA 
manufactures electrodes by a 
powder metallurgy process 
(sintered electrodes). An 
over-size master model is 
required to produce an epoxy 
mould. The mould is then 
filled with a metal powder 
mix of tungsten and copper 
and closed under pressure to 
produce a green compact. 
The compact is then infil- 
trated with copper to give a 
100% dense electrode. 


Multiple electrodes 

Keltool claims the electrodes 
can be manufactured accu- 
rately and out-perform an 
equivalent machined graphite 
electrode. Because the elec- 
trodes are moulded, the 
process can be used to gener- 
ate multiple electrodes. 

The Danish ‘Technical 
Institute, reporting work on 
the rapid production of EDM 
electrodes, states the elec- 
trode it had manufactured 
performed satisfactorily. 

Warwick University will be 
investigating sintered clec- 
trodes in the immediate 
future, with a view to assess- 
ing their potential. The time 
requirement for the manufac- 
ture of an clectrode using this 
method is one weck from 
receipt of the master model. 

Rapid prototyping is a rel- 
atively new technique that is 
set to change the face of engi- 
necring. Some of the tech- 
niques described have not 
been tested fully and require 
further development, but it is 
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clear that there will come a 
time when they will be used 
actively. It is unlikely that any 
one technique will become a 
clear winner as each technique 
has specific advantages and 
limitations. 


POWER 
PROTECTORS 


At any one time, 2000 thun- 
derstorms of yarying severity 
are raging throughout the 
world. And each year in the 
USA alone there are 40 million 
ground strikes by lightning. 
Their current flow frequently 
exceeds 10,000 amperes and 
the temperature at the core of 
the flash reaches 50,000 °C. 
The tremendous power 
unleashed can cause severe 
damage to trees, structures, 
communications and power 
lines, 

Against this background of 
high risk, it is clear that micro- 
processing equipment, with its 
miniscule circuits and sensitive 
software, can be severely dam- 
aged — or even annihilated, 
not just by a surge of immense 
power but by power failures 
resulting from these storms. 

And thunderstorms are not 
the only predators stalking the 
highly-sensitive electronic sys- 
tems that now abound across 
the planet. Hurricanes and 
heavy snowfall frequently 
bring down power lines, also 
causing power failures. 

Even in the urban environ- 

ment, human error can cause 
equally catastrophic failures. 
Abrupt switching of power cir- 
cuits or construction workers 
damaging cables are typical 
daily occurrences. 
Failure of supply takes several 
forms. “Blackouts” produce a 
total loss of power, while so- 
called “brownouts’ are a 
momentary loss in voltage that 
may cause potential failure. 
Then there are ‘spikes’, 
caused locally as an effect of 
lightning or switching large 
equipment, such as electric 
motors or welding equipment, 
on or off, 

‘Surges’ occur when de- 
mand on the mains supply sys- 
tem rises suddenly. Typical of 
this peak demand phenome- 
non is after a televised major 
sporting event when millions 
of lights and electric kettles 
are turned on. Power outages 
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are even caused by small 
wildlife, such as mice, gnawing 
into transformers or 
switchgear and forming a 
bridge short-circuit. They usu- 
ally do this only once! 


Natural disaster 

The extent to which natural 
disasters can strike at power 
supplies is demonstrated by 
statistics for the UK electricity 
supply industry for 1987-88. 
In the southeast of England, 
the total number of hours’ 
supply lost from all causes in 
the previous year was 94 min- 
utes. In 1987-88, during which 
a hurricane swept across the 
region, that total had risen to 
more than 1266. 

To protect against these 
phenomena, uninterruptible 
power supplies have been 
developed. In simple terms, a 
UPS is a buffer battery located 
between the power socket and 
the computer or other equip- 
ment. It converts the alternat- 
ing mains voltage into a direct 
voltage to charge the batter- 
ies, and then reconyerts this to 
alternating voltage to supply 
the load. 

A newly-formed British 
company unites the techno- 
logical expertise of two firms 
already well established in the 
field, providing a unique pro- 
tection service against poten- 
tial power failure. Established 
since 1984, Universal Power 
Systems (UPS) based in 
Loughborough expanded its 
activities earlier this year 
through a merger with Savin 
UK of nearby Burton-on- 
Trent, formed in 1990 and spe- 
cializing in protecting micro- 
processor equipment, 


Protection systems 
The company already has 
among its clients Buckingham 
Palace and Windsor Castle to 
guard emergency lighting cir- 
cuits, as well as major finan- 
cial institutions and informa- 
tion houses in the City of Lon- 
don, UPS equipment also pro- 
tects key Ministry of Defence 
communications installations, 
hospitals, water companies, 
airports, railways, shopping 
centres, and information 
storage systems at London’s 
Victoria and Albert Museum, 
and at the British Library 
technical publications section. 
The company also protects 
the mainframe systems at the 
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English east coast port of 
Felixstowe, which handles 
around 16 ships a day and 
more than a million contain- 
ers a year. Their systems 
guard against power-outs that 
could cause immense disrup- 
tion, not only of highly 
expensive shipping move- 
ments, but the port’s allied 
services, such as HM Cus- 
toms, Port Health Authority, 
shipping agents. and port 
police. 


Agony aunts 

UPS supplies solutions to 
power problems in a range 
from 250 vA to S00 kVA in 
both a.c. and d.c. applications. 

Uninterruptible — power 
supplies take several forms, 
the simplest being the off-line 
system that switches across to 
back up the system with only 
a microsecond break in power 
which can be safely absorbed. 

Synchronization circuits 
within the UPS can also 
achieve what is know as active 
standby to ensure minimal 
phase shift in transfer. The 
line-interactive system is also 
off-line, with power supply 
from the mains, but ensures 
maintenance of acceptable 
voltage levels. 

On-line, or continuous 
operation, technology takes in 
power and converts the cur- 
rent to d.c. and back again to 
a.c., thus guaranteeing a con- 
stant level of quality regard- 
less of disturbance on the 
mains power source. Batteries 
are only used in the event of a 
complete outage. 

A recent innovation at UPS 
is low-cost full- or short-term 
hire, which provides full 
power protection while avoid- 
ing major capital outlay. 


SILICONE 
DIGESTANTS 


Cured and uncured silicone 
elastomers, resins, oils and 
greases can be depolymerized 
and dissolved by a range of 
safe and — environment- 
friendly silicone digestants, 
solvents and cleaners* are 
available from BDH Labora- 
tory Supplies, Poole, Dorset, 
England BHI51TD. Tele- 
phone (1202 660444; fax 
01202 666856. 

* Digesil FS, Digesil 1000 and 
2000 and Di-Aqua. 
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NEW AUTOROUTER 


MultiRouter from Number 
One Systems is a low cost, but 
fast and powerful multi-pass 
autorouter that combines the 
latest routeing technologies to 
ensure that tracks do get 
through where other auto- 
routers would fail. 

Gridless routeing handles 
difficult components like D 
connectors and surface-mount 
packages, making them maxi- 
mum use of the available 
space. The routeing algorithm 
is shape based, taking the 
design rule clearances and 
track width limit as the only 
constraints on routeing. As 
each net is routed, existing 
tracks are Shoved aside to 
make room and if all routes 
appear to be blocked, Multi- 
Router will Rip up and Retry 
problem areas until a solution 
is found. 

MultiRouter does not stop 
when all nets are routed. 
Smoothing passes fatten the 
tracks, mitre corners and elim- 
inate unnecessary track seg- 
ment and vias. The final result 
is optimized for manufacture 
and it looks good as well. 

See also advert on p. 6. 


NEW TEXT-LINKING 
FACILITIES 


Computer scientists at the 
University of Southampton 
have developed powerful new 
text-linking facilities which 
could radically alter the way 
academics find and use infor- 
mation on the World Wide 
Web. Current hypertext links 
allow a reader to follow a 
chain of links from document 
to document, possibly straying 
from an area of interest and 
finishing at a dead end. The 
new system allows not just 
links to be added to papers 
added at the end of a docu- 
ment, but to absolutely any- 
thing within a document. The 
first project using the new sys- 
tem is Development, the 
monthly journal for research 
biologists. Already more than 
2000 pages are available 
through the projects site 
http://journals.ecs.soton.ac.uk 
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Electronic 
circuits 
that draw 
a current 
of more 
than a 
few mil- 
liamperes 
should prefer- 
ably not be powered 
by a battery: most 
are, therefore, pow- 
ered by an integral 
power supply or have 
provision for connec- 
tion to a mains adap- 
tor. In fact, a mains 
adaptor is the most 
often used power 
source. On such a 
unit all that needs to 
be done is for the 
wanted voltage level 
and polarity to be se- 
lected with a switch. 


A mains adaptor may even be used as 
a small power supply for experimental 
purposes, but this poses a few diffi- 
culties. Many adaptors consist of noth- 
ing more than a small mains trans- 
former, a rectifier and a smoothing ca- 
pacitor (whose value is frequently too 
low). Moreover, its output voltage to 
small loads is often much higher than 
the selected level, which, of course, 


Design by L. Pijpers 


symmetrical 
power supply 


may not do the circuit it is 
powering much good. 

The present power supply is rather 
more sophisticated in that it uses a 
voltage regulator Ic. Such a device ef- 
fectively suppresses the ripple on the 
output voltage to a large extent, which 
results in a constant output. 

Also, a regulator makes possible a 
continuously variable output voltage. 
In many cases, however, a continuously 
variable output is not needed (but two 
or three fixed outputs at different lev- 
els are frequently needed). Moreover, 
unless the supply unit is fitted with a 
voltmeter, the output voltage must al- 
ways be checked with a multimeter. 

These considerations gave rise to 
the present design, in which three 
output voltage levels are available: 5 V, 
9 V and 12 V, These levels are selected 
with a simple switch. Since many cir- 
cuits contain operational amplifiers 
(op amps), which require a symmetri- 
cal power supply, the present unit 
provides two different output volt- 
ages. When these outputs are con- 
nected in series, a symmetrical power 
source is obtained. The duality of the 
design also makes it possible for two 
different circuits requiring dissimilar 
supply voltages to be powered simul- 
taneously. 


VOLTAGE REGULATOR 

Since it must be possible to set the out- 
put voltage to three differ- 
ent levels, the voltage reg- 
ulator used is a type 
whose output can be set 
with a couple of resis- 


tors—see Figure 1. The output voltage 
is calculated with the formula 


Uout = 1.25(1+RyRy) + ladj Ry, 


in which 1.25 represents the reference 
voltage of the Ic, and /,qj is the current 
flowing from the ‘adj(ust)’ pin of the Ic 
to ground. 

The reference voltage, U,ep is 
shown in the block diagram in Fig- 
ure 2. Here, the comparator continu- 
ously compares part of the output volt- 
age, set by resistive divider Ry/R5, with 
the reference voltage. If LU, is too low, 
the output of the comparator increases 
which makes the transistor conduct 
harder. This reduces the collector-emit- 
ter resistance, resulting in an increase 
of U4 This arrangement ensures a 
virtually constant Uput: 

In practice, the value of /,4; lies be- 
tween 50 wA and 100 wA. Because of 
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this low value, the factor [,q; Rz may 
often be omitted from the formula. 
Thus, the simplified formula 


Uout = 1.25(1+R,/R,) 


gives a reasonably correct answer for 
most applications. 

Although the regulator in the pre- 
sent design is used in this manner, the 
way the output voltage levels are 
switched is described with reference to 
Figure 4. Resistor Ry in the formula is 
the total resistance between the output 
pin and adj pin of the regulator, while 
R> is the total resistance between the 
adj pin and ground. 

With switch 5; in position 12 Y, 
R; = R, and Rz = (R,+Rg). Resistor Ry, 
is short-circuited. Then, 


Small deviations of the practical volt- 
ages from these computed values are, 
of course, of no consequence. 


CIRCUIT 
DESCRIPTION 


The circuit diagram in Figure 5 consists 
of two similar halves. Capacitors C3 
and Cy across the outputs of the reg- 
ulators suppress any tendency of the 
Ic to oscillate. 

The alternating voltages are ap- 
plied to terminal blocks Ky and Kz; re- 
spectively, and rectified by diodes 
D2-D, and Ds-Dg respectively. Note 
that the circuit may be used with a pcs 
type mains transformer, Tr), whose 
secondaries are connected to Kz and 
K, via terminal blocks K, and K;_re- 


Choice of mains 
transformer or adaptor 


936010X - 11 


Each voltage regulator can provide a current of up to 1.5 A. The voltage drop 
across the regulator, Uij-Up,, May be 3-40 V. 

The rule of thumb for determining the value of the smoothing (electrolytic 
capacitor is that for each ampere of direct output current, the capacitance 
must be not less than 2200 pF. 

The specified transformer provides an effective alternating voltage of 2x12 V 
and is rated at 3.3 VA. The output alternating current is, therefore, 138 mA. 
This is, of course, not equal to the maximum direct output current, but to 
1.41.5 times this current. Thus, the maximum direct output current of each 
supply half is about 100 mA. This means that the smoothing capacitors need 
to have a value of not less than 220 uF: the specified value of 470 pF is thus 
more than enough for effective ripple suppression. 

It should also be borne in mind that the voltage across an electrolytic ca- 
pacitor must never exceed its rated maximum. Therefore, it needs to be as- 
certained what the worst case input voltage is. The maximum rectified voltage 
is equal to the peak value of the output alternating voltage, and this is V2x12 
V = 17 V. However, practice shows that the voltage is heavily dependent on 
the current drawn and can be up to 40 per cent higher than the value just cal- 
culated, that is, 23.8 V. This means that the electrolytic capacitors shoutd have 
a working voltage rating of not less than 25 V. 

Cooling of the regulators is not always necessary. Their heat dissipation 
depends on the product of the voltage drop across them and the output cur- 
rent. In general, the ics need a heat sink when they get so hot that you can- 
not touch them without burning your fingers 


spectively. The transformer may, of 

Uout = 1.25[14 (1270+ 1280)/280] = course, be replaced by a suitable 
= 12.19 V. mains adaptor. It should be borne in 
mind, however, that the source sup- 


When the switch is set to 9 V, all resis- plying the input alternating voltages 


tors R,—-Ry are used in the calculation. 
Resistor R, then has a_ value 
R,+R,, = 280+118 = 398 Q and 
Rp = Re+Rq = 127041180 = 2450 Q. 
The output voltage is then 


Uout = 1.25[1+2450/398] =8.94 V, 
With the switch in position 5 V, Ry is 
the sum of R, and Rp, and Ry = Ry. 


The output voltage is then 


Uy, = 125[1+1180/398] = 4.96 V. 
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must have an output that is at least 
3V higher than the desired output 
voltage of the supply. Diode Dg is a 
‘supply on’ indicator. 


CONSTRUCTION 
The power supply is best constructed 
on the printed-circuit board shown in 
Figure 6. The ics are all located at the 
edge of the board, so that the regula- 
tors may be provided with a heat sink 
if necessary. 

Note that the rating of the elec- 
trolytic capacitors is based on an input 
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D1...D4 = 


K4} 5/9/12V 
1N4001 


all 
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BL Re = 200.1% 
Remo taria Nig 


Locales a 
Ce Ge = 100 pth 3mm 
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some definitions 


Comparator. This is a voltage com- 
paring circuit, normally in the shape 
of an op amp without feedback. 
When the potential at the non-in- 
verting (+) input of the op amp is 
greater than that at the inverting (-) 
input, the output voltage cannot rise 
above the positive supply line. In 
the reverse situation, the output volt- 
age cannot drop below the com- 
mon supply line. The operation of a 
comparator depends on_ the 
op amp amplifying the potential dif- 
ference between the two inputs by 
a very large factor. 


Reference source. This is a source 
with a very stable voltage, current 
or frequency output, which is used 
in comparator circuits for measur- 
ing, setting up or calibrating. 


Ripple voltage. A direct voltage 
obtained by rectifying an alternat- 
ing voltage and smoothing the rec- 
tified voltage with the aid of a ca- 
pacitance cannot be a pure direct 
voltage. Depending on the load, 
practice shows that there is always 
some residual alternating voltage, 
called the ripple voltage, superim- 
posed on the direct voltage. 


Voltage source. This is a circuit 
that provides a constant voltage 
which is independent of the /oad- 
ing of the circuit. Typical of such a 
circuit is its very low internal resis- 
tance. 


Symmetrical supply. A power sup- 
ply that provides, with reference to 
ground, a positive as weil as a neg- 
ative potential, for instance, +15 V. 
The total potential difference be- 
tween the +ve and -ve terminal is 
then 30 V. 
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alternating voltage of 12 V. If this volt~ 
age is higher, the rating of the capaci- 
tors must be increased accordingly, 
If a pcB mains transformer is used, 
the distance between adjacent solder 


pads must be not less than 6 mm. This 
means that in some places thé eOppet 
pads must be removed. This is'b 
done by heating them with a solder 
ing iron and removing them with a 
knife—see Figure 7. All connections on: 
the transformer board must be made: 
with insulated stranded circuit wire. : 
When both boards have been:com: 
pleted—see Figure 8 for the prototype - 
supply board—they must be housed 
in a suitable metal case—see Fig- 
ure 10. ; 
The output voltages are led. 
out via four insulated chassis 
mounting terminals on the: 
front panel. ihe 
The mains input 
cable should be fitted 
with a strain relief. See also 
the safety guidelines else 
where in this issue. ie 
A suggested front panel lay- 
out is shown in Figure9.. 
The supply as shown. jis, of 
course, a dual version. If it is to be 
used as a symmetrical supply, the +ve 
terminal of one must be linked to the 
—ve terminal of the other; this junction 
becomes the common line, while the 
two remaining terminals become the 
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harmonic 
distortion meter 


(for use with an oscilloscope) 


Most measurements 
of electrical quanti- 
ties, such as voltage, 
current, resistance, 
or frequency, can be 
carried out on a mul- 
timeter or an oscillo- 
scope. Unfortunately, 
measuring (har- 
monic) distortion in 
a.f. amplifiers re- 
quires rather more 
sophisticated, and 
thus more expen- 
sive, equipment. 
However, the adap- 
tor presented here 
makes it possible for 
the harmonic distor- 
tion to be viewed 
and analysed on an 
oscilloscope. 


Design by T. Giesberts 


Experimenters and constructors of a.f. 
equipment frequently need to mea- 
sure impedances, output power, sig- 
nal-to-noise ratios, sensitivity and ... 
harmonic distortion. For non-profes- 
sional constructors, the latter quantity 
is probably the most problematical. 
The problem lies not so much in the 
actual measuring as in the cost of suit- 
able instruments. Moreover, some con- 
structors, especially newcomers, do 
not quite know what is meant by har- 
monic distortion. 

The present circuit enables the dis- 
tortion of a signal to be viewed on 
even a simple oscilloscope. It does not 
show the distortion to within a few 
per cent, but it does enable a reason- 
able assessment to be made of the total 
harmonic distortion—THD. 

The adaptor is also suitable for 
checking whether certain modi-fica- 
tions in, say, an a.f. amplifier increase 
or reduce the distortion. 


IS IT AUDIBLE? 

Of course, every designer of a.f. equip- 
ment strives to keep distortion as low 
as possible. The question is, however, 
whether an amplifier with, say, 0.5 per 


cent distortion provides less listening 
pleasure than one with 0.01 per cent. 

On paper, of course, the percentage 
distortion enables the quality of an 
equipment to be judged or compared 
with that of another apparatus. To be 
able to judge the importance of such 
figures, it is necessary to know what 
exactly harmonic distortion is, how it 
comes about and how it can be mea- 
sured. 


HARMONICS 

To understand what distortion is, it is 
necessary to know the composition of 
audio signals. The best known a-f. sig- 
nals are undoubtedly the sine wave 
and the rectangular wave. Fourier 
showed that any signal, other than a 
pure sine wave, consists of a number 
of sinusoidal signals of different fre- 
quency. 

A rectangular signal as in Figure 1 
is shown by Fourier analysis to consist 
of a large number of sine waves. The 
frequency of the original signal is 
called the fundamental frequency, of 
which all the others, called har-monics, 
are multiples. For instance, a 1 kHz rec- 
tangular signal consists of harmonics 
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of 3kHz, 
S.KH%,. iosy 
21 kHz, 
and so on. 
In the case 
of a rec- 
tangular 
signal, the 
harmonics 
are odd- 
numbered 
(3,5,7... 
and so 
on). The peak value of the harmonics 
is inversely proportional to their fre- 
quency, that is, the higher the fre- 
quency, the lower the peak value. 

The sum of the fundamental and 
third harmonie already shows an out- 
line of a square wave as illustrated in 
Figure 2. 

A sine wave representation of a 
given signal as in Figure 1 is, of course, 
not very useful. It is much better to 
show it as a bar graph as in Figure 3. 
The tallest bar represents the funda- 
mental frequency, and the others, from 
left to right, in ascending order, the 
harmonics. The height of the bars is 
the peak value of the harmonic rela- 
tive to that of the fundamental. For in- 
stance, the peak value of the 5th har- 
monic is 20 per cent (1/5) of that of the 
fundamental. 


MEASURING 
DISTORTION 

As stated earlier, a pure sinusoidal sig- 
nal has no harmonics—see Figure 4. If 
such a signal is applied to an ideal am- 
plifier, the (amplified) output signal 
should still be a sine wave. Unfortu- 
nately, such amplifiers do not exist — all 
practical power amplifiers introduce 
some measure of distortion, that is, the 
output contains some harmonics. 
These harmonics cannot be seen on an 
oscilloscope, since they are submerged 
in the overall signal. ‘To make them vis- 
ible, it is necessary to remove the fun- 
damental from the signal. 


FILTERING 

The fundamental frequency is re- 
moved by a narrow-band-stop filter 
with a characteristic as shown in Fig- 
ure 5. It will be seen that the harmon- 
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ics are not affected by the filter. Ap- 
plying the remnant of the signal to an 
oscilloscope gives a view of the total 
harmonic content. 

A filter eminently suitable for the 
present purpose is a double-T type as 
shown in Figure 6. Its shape explains 
its name, In theory, such a network 
can suppress a certain frequency or 
narrow band of frequencies, but in a 
practical design this suppression is not 
total. The main reason for this is the 
tolerance of the constituent compo- 
nents, although the op amp is, of 
course, also not perfect. A typical prac- 
tical pass- band characteristic of such a 
section is shown in Figure 7. The sup- 
pression is greatest at the central fre- 
quency, f,. The quality of the filter is 
reflected by the narrowness of the 
characteristic and the suppression of 
f 

It stands to reason that the design 
of a double-T filter is bound by certain 
strict rules. For instance, the various 
components must have a certain mu- 
tual relationship as shown in Figure 8. 
Also, the source impedance must be as 
low as feasible, which means that the 
source must be able at all times to pro- 
vide current to the section. On the 
other hand, the terminating imped- 
ance of the filter must be as high as 
feasible. 

An opamp has a low output im- 
pedance and is, therefore, eminently 
suitable for driving a double-T net- 
work. As it happens, an op amp also 
has a very high input impedance, so 
that the output of the filter can be cou- 
pled to an op amp. 

Since the filter characteristic is very 
narrow, a variation as small as 0.5 per 
cent from a component's value can 
cause the attenuation to be reduced 
from near-infinity to —-25 dB. Since the 
aim is to suppress the fundamental en- 
tirely, the component values need to 
be as close to the computed theoreti- 
cal values as possible. 


CIRCUIT 

DESCRIPTION 

The circuit in Figure 9 shows how any 
variations of the component values 
may be compensated: each compo- 
nent is made variable by the addition 


of a trimmer ca- 
pacitor or preset 
potentiometer. 
This has the ad- 
vantage that ex- 
pensive, high- 
tolerance com- 
ponents are not 
required. 
Enhanced fil- 
ter — properties 
are obtained by 


amplitude 


placing the filter 
in the feedback 
loop of the 
opamp. In this 
(active) way, the 
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ohne 243.6 


Q(uality) factor 
of the network is 
determined by 
the ratio R5:Rg. 
The higher 
the Q-factor, the 
narrower the filter characteristic. In the 
present design, the Q-factor has been 


25 


| 
| 
| 
| 
| 
: 
i 


chosen to allow 
even the 2nd_har- 
monic to be passed 
unattenuated. The 
prototype filter, on 
switch-on, gives an 
initial attenuation of 

100 dB at f,, (which 
means that the cen- 
tre frequency is re- 
duced by a factor of 
105), However, after 
the filter has been 
on for about fifteen 
minutes, the attenu- 
ation drops to about 
70 dB (still a reduc- 
tion by a factor of 
3,2x108). 

For the present 
purposes, an attenu- 
ation of 70 dB is 
more than enough 
(see Figure 7). This 
means that if the 
spectrum of the ear- 
lier discussed square 
wave is applied to 
the filter, the funda- 
mental frequency is 
reduced to 42m of its 
nominal value. The 
peak value of the 
11th harmonic in the 
spectrum is 1 of that of the funda- 
mental frequency, so that the peak 
value of the suppressed fundamental 
frequency is only /4 of that of the 11th 
harmonic, which is negligible for all 
practical purposes. 

Any (high-frequency) noise on the 
output of the filter is removed by low- 
pass section Rz-C jo. 


CONSTRUCTION 
The adaptor is best built on the 
printed-circuit board shown in Fig- 
ure 10. Start by laying the wire bridges 
and inserting PcB pins at Jead-in and 
lead-out points. Place the tc in a suit- 
able socket. 

The presets should preferably be 
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multi-turn types, since single-turn ver- 
sions provide too small a setting range. 
Nevertheless, the board can be used 
with either type. 

The capacitors should preferably be 
polystyrene types. If (metallized) poly- 
ester types are used, the quality of the 
filter will be degraded. 

The frequency-determining resis- 
tors must be 1% metal film types, 
which are readily available almost any- 
where. 

It is advisable to house the adaptor 
in a metal case that complies with cur- 
rent EMC regulations. 


SETTING UP 

Connect the adaptor to a suitable, 
symmetrical +15 V power supply. 
Connect an Ac voltmeter or oscillo- 
scope to the output terminals of the 
adaptor (see Figure 12). Using a sine 
wave generator, inject a 1 kHz signal 
at a peak level of 13 V into the adap- 
tor. If a lower level is used, the output 
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may be so Jow that measurements be- 
come difficult. Owing to the setting fa- 
cilities of the adaptor, the signal need 
not be exactly 1 kHz, but it should be 
stable. 

Set the trimmer capacitors and pre- 
set potentiometers to the centre of 
their travel. Adjust the frequency of 
the sine wave generator for minimum 
output. Adjust first P} and Cy, then C, 
and C3, and finally P2, for minimum 
output. Repeat the adjustment of all 
five components in the same order. 

Asa final test, connect the adaptor 
to a low-distortion sine wave genera- 
tor, suitable power supply, and oscillo- 
scope, as shown in Figure 13. In nor- 
mal use, the amplifier hardly distorts 
the signal—see Figure 14. If, however, 
the peak value of the input signal is in- 
creased, the output signal becomes dis- 
torted, until at large input levels it be- 
gins to be clipped—see Figure 15. 

The adaptor has no facility for read- 
ing the distortion in per cent. Never- 
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Some definitions 


Central frequency 
The frequency in the centre of the pass-band of a band-pass filter. 


Double-T filter 

A filter consisting of three resistors and three capacitors. These components are arranged as two T-shaped RC net- 
works in parallel. The filter has the pope of suppressing one particular frequency or band of frequencies and is 
therefore a band-stop filter. It may also be used as a band-pass filter by placing it in the feedback loop of an op amp. 
This type of filter is used frequently in a.f. applications, particularly in equalizers. 


Fourier, Jean Baptiste Joseph 

(1768-1830) 

A French mathematician who developed a method of arithmetical analysis that is used in many disciplines. In elec- 
tronics, the analysis shows that any signal can be reduced to the sum of a number of sine waves. 


Fundamental frequency 
Also called the first harmonic frequency. It is the sinusoidal constituent of a signal with the same frequency as that 
signal. 


Harmonic frequencies 

Normally called harmonics. Many oscillators produce, apart from the fundamental frequency, a number of harmonics 
whose frequencies are a multiple of the fundamental frequency. This property is used in some applications, but nor- 
mally it is an undesired (spurious) effect, which is audible and called harmonic distortion. 


Operational amplifier 

Normally called by its abbreviated name op amp. It consists of one or more complete analogue amplifiers which are 
integrated on to one integrated circuit—ic. Typical properties of an op amp are the differential input and the very high 
amplification factor. 
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theless, the percentage can be esti-. 
mated roughly from the picture on the ~ 
oscilloscope. If, for instance, the level . 
of the input signal is 1 V and the total 
harmonic distortion is not greater than” 
1 mV (peak), the percentage distortion 
is about 0,1. = 
If a true-RMs meter is available, the 

percentage distortion can be deter-» 
mined fairly accurately by dividing the 
output of the filter by the input to the . 
adaptor. 


SINE WAVE AMPLIFIER DOUBLE-T 
GENERATOR ON TEST FILTER 


channel A 


[936024] 
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Only a handful of 
components are 
needed to build an in- 
strument which is in- 
dispensable in any 
RF workshop: the 
grid dip meter or ‘dip- 
per’. The main func- 
tion of this clever 
piece of test equip- 
ment is to determine 
the resonance fre- 
quency of unknown 
tuned circuits within a 
certain range (here, 
1.5 to 80 MHz). Apart 
from this, the dipper 
doubles as an RF sig- 
nal generator and an 
absorption frequency 
meter. Some ama- 
teurs even use it to 
repair radios or tune 
short-wave antennas! 


The operation of the grid dip meter is 
based on the principle of energy ab- 
sorption. An oscillator produces RF en- 
ergy through an inductor. When this 
inductor is brought in the vicinity of 
another inductor with the same reso- 
nance frequency, the latter ‘draws’ en- 
ergy via inductive coupling. Because 
the oscillator is equipped with an RF 
output level indicator, the energy loss 
is easily detected as a ‘dip’ when the in- 
strument is tuned, and hits upon the 
resonance frequency of the unknown 
inductor. The name ‘grid dipper’ is his- 
toric, and a remnant of the days when 
this instrument was built using valves 
(electrically, the nearest equivalent of 


Design by L. Lemmens 


erid dipper 


at home in every radio shack 


a ® 


“* #3 


valve grid is the gate of a FET). 

The oscillator in the grid dipper 
may be modulated with a fixed tone to 
make its signal easily identifiable on a 
short-wave tuning scale (where chaos 
may reign). 


COLPITTS OSCILLATOR 
The circuit diagram of the grid dipper 
is given Figure 1. The heart of the cir- 
cuit is an RF oscillator built around 
transistor T2. The oscillator is a Colpitts 
design, which is marked by a tap on 
the capacitive element in the tuned cir- 
cuit. In other words, the tuned circuit 
has a capacitive tap. Other oscillators, 
for example, the Hartley oscillator, use 
a tap on the inductive element. A ca- 
Pacitive tap is made by connecting two 
capacitors in series, and then in paral- 


GRID 
DIPPER 


Y @ 
iy 


lel with an inductor The junction of the 
two capacitors forms the capacitive tap. 

In the circuit of Figure 1, the capac- 
itive part of the tuned circuit is formed 
by two series-connected halves of vari- 
able-capacitance diode (‘varicap’) D3, a 
KV1236Z from Toko. The inductor that 
belongs with this capacitance is not 
shown because it is one of six plug-in 
coils which you should make yourself. 
Each coil gives a different frequency 
range, and is plugged into socket K2, 
The tuning in each range is accom- 
plished by varicap D3. 

The adjustable voltage required for 
the tuning of the varicap is supplied by 
potentiometer P2. So, turning this pot 
tunes the grid dipper across the rele- 
vant frequency range. 

The energy which is needed to 
maintain resonance in the tuned circuit 
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formed by the varicap and the plug-in 
coil is supplied by transistor T2. Its 
emitter-collector circuit is connected to 
the top capacitor of the tuned circuit, 
and the transistor pumps a_ tiny 
amount of current into it just at the 
right moment. The tuned circuit, in 
turn, provides the drive signal for the 
transistor, the lower capacitive half of 
the circuit being connected to the base 
of T2 via Cl and C2/R2. 


METER CIRCUIT 
The level of the RF voltage produced 
by the oscillator is controlled with the 
aid of potentiometer P1. In fact, it con- 
trols the direct voltage for the base as 
well as the collector circuit of T2. The 
relative level of the signal generated by 
the oscillator is indicated on a moving- 
coil meter, M1. The meter is inserted in 
the collector circuit of T3, and actually 
measures the collector current of this 
transistor, T3, in turn, is driven with 
the rectified RF signal produced by the 
oscillator, T2. The voltage-doubling 
rectifier is formed by components C6, 
C7, DI and D2. The resulting rectified 
RF voltage is limited with the aid of 
Ro, and converted into a base current 
for T3. The amount of base current is 
directly proportional to the RF voltage. 
Any change in the level of this voltage 
is therefore reflected by the meter in- 
dication. Such changes may occur as a 
result of P! being turned, or 
energy being absorbed from 
the oscillator coil by a res- 
onating tuned circuit. 


MODULATION 

The RF signal produced by 
the grid dipper may be am- 
plitude modulated with a 1- 
KHz tone. This is achieved 
by superimposing a 1-kHz 
waveform on to the varicap control 
voltage. The audio signal is supplied by 
a simple oscillator built around T1. This 
transistor is switched on when rotary 
switch S1 is set to the ‘mod’ (modula- 
tion) position. A double-T network con- 
sisting of capacitors C8, C9, C10 and re- 
sistors R8, R9 and R10 is connected be- 
tween the base and the collector of T1. 
The network provides feedback from 
the collector to the base, which is nec- 
essary to make the transistor oscillate. 
For the same purpose it also causes a 
phase shift of 180 degrees. 


OTHER APPLICATIONS 

Apart from applications like finding the 
resonance frequency of unknown 
tuned circuits, and fault-finding by sig- 
nal injection in RF circuits, the instru- 
ment may also be used as an absorp- 
tion frequency meter. By setting $1 to 
the ‘abs’ (absorption) position, the dip- 
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per may be used 
as a multi-purpose 
detector/receiver. 
The RF oscillator, 
T2, and AF oscilla- 
tor, Tl, are 
switched off in this 
mode, The coil in- 
serted into K2 is held close to an exter- 
nal RF signal source, enabling it to ab- 
sorb energy when the tuning of the 
dipper ‘hits upon’ the signal frequency. 
This is indicated by a quick needle 
movement on the meter. The fre- 
quency supplied by the source under 
test may then be read from the scale. 
A wire link in series with the mov- 
ing coil meter circuit allows a pair of 
headphones to be connected. The 
headphones enable you to listen to the 
signal produced by the signal source 
under test, Actually, you are listening 
to the output of an AM (amplitude 
modulation) detector consisting of 
C6/C7/D1/D2. By purposely detuning 
the dipper a little, you may hear FM 
(frequency modulation) signals, too. 
This method is called edge detection. 
The fourth position of the mode 
switch allows you to check the battery 
condition. Some battery current is ap- 
plied to the meter via limiter resistor 
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R7. The deflection of the meter needle 
then provides a relative indication of 
the battery condition. 


CONSTRUCTION 

AND TEST 

The track layouts and component 
mounting plan of the printed circuit 
board designed for the dipper are 
shown in Figure 2, The double-sided 
board is available ready-made 
through our Readers Services. The 
photograph in Figure 3 shows the 
completed prototype. 

Stuffing the board is not difficult if 
you work neatly and stick to the parts 
list and the component mounting plan. 
Where a wire is inserted into a hole 
that has copper pads at both sides of 
the board, it has to be soldered at both 
sides to effect the through-contact. 

For a first test, connect all pots, 
switches, and the moving-coil meter to 
the board. Make an experimental plug- 
in coil from about 20 turns of 1-mm dia 
enamelled copper wire (SWG20) on a 
former with a diameter of about 1 cm. 
Switch on the power supply. Turn P1 
and [2 to see if the moving coil meter 
shows activity. If the oscillator works 
properly, the meter needle will move 


a 


Table 1. Plug-in coil winding data 


Coil A: 50 turns 0.2mm e.c.w. on plastic PCB spacer dia. 6mm 
Coil Bm | 20 turns 0.2mm e.c.w. on plastic PCB spacer dia. 6mm 
“Coil C: 70 turns 0.2mm e.c.w. on plastic PCB spacer | dia. 6mm 
Coil D: "| 6 turns 1mm e.c.w., no core, internal dia. 8mm 

Oil Er 3 turns 1mm e@.c.w., no core, internal dia. 8mm ; 


| €.C.w. = enamelled copper wire 


from zero to a position close to full- be 
scale deflection. If that is okay, you 
may start testing the other functions of 
the grid dipper An AM receiver may 
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used, for example, to check if the 
modulator, T1, works properly. 

If you like, you may have the grid 
dipper pick up a small signal from an 


Figure 2. Cop- 
per layouts 
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COMPONENTS LIST 


Resistors: 

R1,R2 = 4kQ7 

RS = 150kQ 

R4 = 2kQ2 

R5 = 5kQ6 

R6 = 100kQ 

R7 = 19kQ 

RBA = 10kQ 

R9,R1O = 82kQ 

Ri2 = 1kQ8 

RI8,R15 = 1kQ5 

Ri4 = 270Q 

R16. = 220k 

R17 = 1kQ 

Pi = 10kQ logarithmic potentiome- 
ter 

P2 = 10ko2 linear potentiometer 


Capacitors: 

Ci = S6pF 

C2 = 3nF9 
G3,04,C5,C11 = 1nF 
C6 = 120pF 


C7 = InF2 

C8,.C9 = 2nF2 

Ci0 = 4nF7 

C12 = 10uF 16V radial 


Semiconductors: 
D1,D2 = BAT82 

D3 = KV1236Z (Toko) 
T1,173 = BC550C 

T2 = 2N918 


Miscellaneous: 

K1 = jack receptacle, PCB mount 

K2 = 2-pin DIN connector, PCB 
mount 

$1 = 3-pole, 4-position switch; PCB 
mount 

$2 = slide switch, PCB mount, an- 
gled pins 

M1 = 1mA moving coil meter 

Btt = 9V battery with clip 

Case: Hammond type 1590C 

Printed circuit board, order code 
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given as guidance only. The idea is to 
first make your set of plug-in coils, and 
then check the dipper’s output fre- 
quencies using a frequency meter ora 
calibrated receiver. This will enable 
you to place the markings on the scale 
at the appropriate points. The scales 
should have some overlap. The home- 
drawn frequency scale may then be 
copied together with the design 
shown in Figure 4, and secured on to 
the front panel of the grid dipper. 


(QUAIIFN) 


external source. Tune the dipper, and 
use the headphones to listen to the re- 
ceived signal, which should also be in- 
dicated on the meter. If you switch on 


the dipper’s oscillator (without the 40 «60 
modulation signal), the two RF signals 0 Xo siiulullidalyyy Ba 
should produce a beat frequency in > a =. 


the headphones, provided, of course, 
they are nearly equal! 

Finally, run a quick test on the bat- 
tery condition meter. The meter nee- 
dle should almost reach the full-de- 
flection stop. 

If everything appears to work so 
far, the completed circuit board may be 
installed in a suitable case. The con- 
nection to the plug-in coils must as 
short as possible. That is why the PCB- 
mount DIN style socket mentioned in 
the parts list must be used. 

The wiring to the other connectors, 
the pots and the meter is not critical 
because it does not carry RF signals. 


SENSITIVITY 


MAKING THE INDUCTORS 
Data for winding the set of plug-in 
coils is presented in Table 1. Note that 
the number of turns for each coil is 
guidance only, because it is hard to 
predict the exact stray capacitance that 
lurks in your particular construction of 
the oscillator. For the same reason, the 
frequency scale shown in Figure 4 is 
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solar-charging regulator 


indispensable link between 
solar panel and battery 


Considering the dete- 
riorating state of our 
environment and the 

decreasing resources 

of organic fuel, it is 
not difficult to predict 
a much more promi- 
nent role for solar en- 
ergy as an alternative 
energy source in 
years to come. For in- 
dividuals, too, it is be- 
coming more and 
more inter- 


esting to 

employ the 
sun as an | 
electricity 
supplier 
that doesn’t 
send bills. 
Apart from 
lots of sun- 
shine, the 
only components you 
need to get started 
with solar energy are 
a solar panel, a bat- 
tery and a properly 
designed charge con- 
troller like the one de- 
scribed here. 
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MAIN SPECIFICATIONS 


suitable for 12-V batteries, capacity between 1 Ah and 100 Ah 
max. charging current 10A 

high efficiency 

Jow internal current (1.7 mA typ.) 

parallel regulation of charging current 
overcharging protection with charge voltage limiter 
deep discharging protection 

electronic fuse 

polarity reversal protection for solar panel and battery 
charging indication 


Although solar panels are still rather 
expensive, prices are coming down 
slowly, and particularly the smaller 
types are now offered at reasonable 
prices. The environmentally aware 
among you may, therefore, get 
started with their own solar-powered 
energy supply system, without 
breaking the bank. 

The main components in such a 
system are, of course, the solar pancl 
and the (12-V) battery. The latter acts 
as an energy storage device. Low-volt- 
age lighting and the like may be pow- 
ered directly from the battery, while a 
power inverter may be used to turn 
the direct battery voltage into 240 V 


a.c. However, these applica- 
tions are not the subject of 
the present article, which 
concentrates on connecting 
a battery to a solar panel. 
Wonderfully simple 
as it would be, it’s not possi- 
ble to connect a battery to a 
solar panel just like that. A 
suitable charge controller is 
essential between these ele- 
ments. The main function of the charge 
controller is to reduce the charging cur- 
rent when the solar panel supplies 
more current than the battery can ac- 
cept. This is necessary because over- 
charging can cause serious damage to 
the battery, and is sure to reduce the 
battery's lifetime, Without a charge 
controller, the risk of overcharging is al- 
ways imminent, because the current 
output of a solar panel is strongly de- 
pendent on the degree of irradiation, 
or the amount of incident sunlight. 
Basically, there are two wa ys of con- 
trolling the charging current: using a 
series regulator or a parallel regulator. 
A series regulator is inserted in the link 
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between the solar panel and the bat- 
tery. The parallel (or ‘shunt’) regulator 
is connected in parallel with the two 
elements. The regulator described in 
this article is a parallel type. The main 
advantage of a shunt regulator is that 
it does not consume appreciable en- 
ergy unless the battery is fully 
charged. In practice, its own current 
consumption is negligible. When the 
battery is full, however, the ‘surplus’ 
energy is converted into heat. Partic- 
ularly in larger solar systems, that heat 
calls for a fairly ‘heavy’ design of the 
regulator, 

In addition to its actual function, a 
good charge controller also offers pro- 
tection in a number of ways, including 
a deep-discharging protection for the 
battery, an electronic fuse and a reli- 
able protection against polarity rever- 
sal on the battery or the solar panel. 


BYV32-50 


BUZ11 


& Soe text 


VOLTAGE REGULATION 


The circuit diagram of the solar-charg- 
ing regulator is shown in Figure 1. As 
you can see, the main components are 
two ‘heavy’ MOSFETs and a quadru- 
ple operational amplifier. The latter 
(IC1) has a key function in this circuit. 

Functionally, the circuit may be di- 
vided into three parts: the voltage 
regulator around ICla, the discharg- 
ing limiter around ICld and the elec- 
tronic short-circuit protection built 
around ICle. 
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Because the entire circuit is powered 
by the battery via a polarity reversal 
protection diode, D1, the solar-charging, 
regulator retains its function when the 
solar panel does not supply current. 
The circuit uses the unregulated battery 
voltage (junction D2-R4) as well as a 
highly accurate reference voltage of 
2.5 V, which is created with the aid of 
zener diode D5. The control terminal of 
this reference diode is not used. 

Because the charging regulator it- 
self works happily with a current of 
less than 2 mA, the battery is hardly 
loaded during the hours of darkness, 
or when the sky is overcast. The low 
current consumption is achieved 
through the use of power MOSFETs 
type BUZ11, T2 and T3, which are dri- 
ven with a voltage only, i.e., they work 
at virtually zero drive power. 

Returning to the voltage regulator, 


1N4148 LM336Z 


1C1 = TLO74 


x 


ICI is the controlling element, while 
T2 is used as an adjustable power re- 
sistor which, together with R13, acts as 
a kind of active load on the output of 
the solar panel. The operation of the 
regulator is fairly basic. An adjustable 
part of the battery voltage is fed to the 
non-inverting input of control ampli- 
fier ICla via voltage divider R4-P1-R3. 
The previously mentioned 2.5-V refer- 
ence voltage is applied to the inverting 
input of the amplifier. 

The behaviour of the regulation is 
proportional. The output of [Cla 


tracks the battery voltage and controls 
the degree of conduction of transistor 
Tl. The higher the battery voltage, the 
greater the current through T1. Con- 
sequently, the voltage drop across R19 
increases. This voltage is the gate volt- 
age for MOSFET T2. As the MOSFET 
conducts harder, its drain-to-source re- 
sistance drops, in other words, the ad- 
justable power resistor is set to a 
smaller value. The result of the in- 
creased battery voltage is that the load 
on the solar panel increases also, 
Schottky diode D7 prevents dam- 
age caused by accidental reversal of the 
+ and — terminals of the solar panel, 
The same diode also prevents a current 
flow from the battery into the solar 
panel in case the panel voltage drops 
below the battery voltage. This func- 
tion can not be carried out by T1 be- 
cause such a current finds its way 


1N4148 


much easier through the diode which 
is present across the drain-source junc- 
tion in the MOSFET, T2. A type BYV32- 
50 is used in position D7 because this 
diode is marked by a low voltage drop 
at relatively high forward currents. 
Components IC1b and D3 provide 
a visible ‘battery charging’ indication. 
The LED lights as soon as the battery 
voltage exceeds 13.1 V, and the battery 
is being charged. Because of the LED 
current, the current consumption of 
the charging regulator then rises from 
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1.7 mA to about 7 mA. Although the 
LED can draw this extra current from 
the solar panel - saving the precious 
energy stored in the battery for “use- 
ful’ loads - thrifty users may none the 
less think of the LED as a waste of en- 
ergy. Well, they may consider omitting 
the LED, and instead mount an am- 
meter with a centre indication, as used 
in cars, for example. 


PROTECTION CIRCUITS 
The deep-discharging protection is re- 
alized with the aid of opamp ICld 
which is wired as a comparator, and 
MOSFET T3. The battery voltage is 
first scaled down to about a quarter of 
the nominal value by potential divider 
R&/R10, and then compared with a ref- 
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erence voltage of 2.5 V supplied by D5. 
The comparison is performed by IC1d. 
The values of the resistors in the po- 
tential divider are such that the output 
of ICld drops low when the battery 
voltage drops below a level of approx- 
imately 9 V. MOSFET T3 then blocks 
and interrupts the ground connection 
between the battery and the load. Be- 
cause of the hysteresis created with 
feedback resistor R11, the comparator 
does not change state until a battery 
voltage of 12 V is measured again. 
Electrolytic capacitor C2 prevents the 
deep-discharging protection from 
being actuated by voltage dips caused 
by, for instance, the switching on of 
large loads. 

The short-circuit protection built 
into the circuit acts as an electronic 
fuse. In the event of a short-circuit, it 
disconnects the load from the battery. 
This is also done with the aid of T3, 
only then the MOSFET has a double 
function. Not only does the device act 
as a circuit breaker, its drain-to-source 
junction also behaves like a measuring 
resistor. The voltage drop across this 
resistor is scaled down by R12/R18 and 


D7 = BYV32-50 
Ti = BCS47 
72,73 = BUZI1 
1h = Thora 
Miscellaneous: RU HESKUGE 
Fi = fuse 10 A (7) with PCB mount 
Waterproof case, e.g., Hammond — 

8 spade terminals for screw mount: 


Heatsink 1.25K/W (e.g. SK71-75 


then applied to the inverting input of 
comparator IC1c, Here, too, the accu- 
rate voltage supplied by D5 is used as 
a reference. 

As long as the short-circuit protec- 
tion is not active, the output of [Cl1c 
supplies a ‘high’ level. Diode D4 then 
blocks, and the output of IC1d alone 
determines the gate voltage of T3. A 
gate voltage range of about 4 V to 6 V 
is achieved with the aid of potential di- 
vider R14/P2/R13, allowing a well-de- 
fined voltage drop to be set across the 
drain-to-source junction of T3. When 
the load current reaches its maximum 
level, the voltage drop increases 
rapidly until the level is reached at 
which IClc toggles and pulls its out- 
put low. Diode D4 then conducts, 
causing the gate of T3 to be pulled to 
ground. The result is that the MOSFET 
blocks, interrupting the current flow. 

R-C network R12/C3 determines 
the response time of the electronic 
fuse. A fairly slow response is chosen 
to prevent erroneous triggering of the 
protection by sudden peaks in the load 
current (as with the deep-discharging 
protection). LED Dé, incidentally, is 
used as a 1.6-V reference, ensuring that 
C3 can not be charged beyond this 
voltage. Once the short-circuit has 
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been eliminated and the load discon- 
nected from the battery, C3 is slowly 
discharged across the LED (this will 
take about seven seconds). 

The fact that the electronic fuse has 
a fairly slow response does not mean 
that the load current is allowed to 
reach too high values. Before the elec- 
tronic fuse is actually actuated, the 
gate voltage of T3 causes the MOSFET 
to limit the output current to the level 
set with preset P2, Just to make sure 
nothing goes up in smoke, the circuit 
also includes a normal fuse, Fl, which 
is connected in series with the battery, 
and offers peace of mind that a possi- 
ble malfunction in the circuit does not 
cause instant disasters. As a last pro- 
tective measure, D2 has been added to 
the circuit. This diode protects the in- 
puts of ICla and IC1b against damage 
caused by a reverse-connected battery. 


LARGE OR SMALL 

The choice of a suitable solar panel is, 
of course, strongly dependent on the 
capacity of the battery you wish to use. 
The solar-charging regulator is, in prin- 
ciple, intended for solar panels with a 
nominal output voltage of 15 to 
18 volts and a power of 10 to 40 watts. 
Such panels are normally combined 
with batteries having a capacity be- 
tween 36 and 100 Ah. However, be- 
cause the solar-charging regulator al- 
lows a maximum current flow of 10 A, 
solar panels with a power rating of up 
to 150 watts may be used. 

The solar-charging regulator may, 
of course, also be used in wind power 
systems and with other voltage 
sources, as long as the input voltage is 
in the 15-18 V range. 

The largest amount of heat is dis- 
sipated by the active load, T2/R13. Ob- 
viously, the MOSFET must be properly 
cooled, and R13 must be capable of tol- 
erating quite high temperatures. The 
power rating of R13 should remain in 
step with the power that can be sup- 
plied by the solar panel. In the (ex- 
treme) case of a solar panel being used 
with a no-load output voltage of 21 V 
and a short-circuit current of 10 A, 
then T2 and R13 dissipate a power 
which equals the voltage difference be- 
tween the battery and the solar panel 
(approx. 7 V) multiplied by the short- 
circuit current (10A), or about 
70 watts! This may actually happen 
when the battery is fully charged. 
Most power is dissipated by R13, be- 
cause the MOSFET then presents an 
extremely low resistance. The value of 
the resistor is easily calculated using 
Ohm's law: 


R13 = Pf? = 70/102 = 0.70 


Such a high solar-panel power should 
be rare, though. In the prototype of 


Elektor Electronics 


7-8/96 


the solar-charging regulator, a resis- 
tance of 0.25 Q/40 W is used which 
consists of four parallel-connected re- 
sistors of 1 Q/10 W. 

The required cooling for T3 is com- 
puted in a similar way. Assuming that 
the maximum output current is 10 A 
(which corresponds to a voltage drop 
of about 2.5 V across the drain-source 
junction), then a maximum dissipation 
of about 27 W should be taken into ac- 
count. To ensure sufficient cooling of 
T3 even at high ambient temperatures 
(e.g., 50 °C), the heat-sink should have 
a thermal resistance of 3.5 K/W or less, 

Components T2, T3 and D7 are 
arranged at one side of the board, al- 
lowing them to be mounted on to a 
common heat-sink (using isolation 
materials). The dissipation of these 
three semiconductors should, there- 
fore, be added, and you then need a 
heat-sink with a thermal specification 
of 1.5 K/W or better. The type men- 
tioned in the components list satisfies 
this requirement. 


CONSTRUCTION 

The printed circuit board designed for 
the solar-charging regulator is shown 
in Figure 2. Populating the board 
should not present undue difficulties 
if you follow the component overlay 
and the component list. The board is 
available ready-made through our 
Readers Services. The battery, solar 
panel and load are connected via ro- 
bust, screw-type spade terminals as 
used in car electrical systems. Power 
resistor R13 is also connected to the 
board in this way. 

The nearly finished board is shown 
in the photograph in Figure 3. The in- 
troductory photo provides a useful 
suggestion how the circuit may be built 
into a water-proof 
enclosure (we 
used a diecast 
type from Ham- 
mond). The heat- 
sink is simply se- 
cured to one side 
of the case by a 
set of screws. The 
power semiconduc- 
tors, T2, T3 and D7, 
are then mounted on 
to the bottom panel of 
the case using isolating 
washers, bushes and 
bolts, not forgetting a 
fair amount of heat con- 
ducting paste. 

Although banana sock- 
ets are used in the proto- 
type, you may want to feed 
the (heavy-duty) input and 
output cables directly through 
grommets in the sides of the 
case, connecting them straight 
to the spade terminals on the board. 


ADJUSTMENT 

Fortunately, the circuit is relatively sim- 
ple to adjust. The job does, however, : 
require two (regulated) power sup-" 
plies. One of these is set to an output — 
voltage of 14.1 V, and connected to the 
battery terminals (marked “accu’) on 
the board. The other should have a — 
current limiter. This supply is set fo the 
open-circuit voltage of the solar panel 
used (for example, 21 V as in the above 
mentioned situation), and connected 
to the spade terminals marked ‘cells’. 
When P1 is properly adjusted, the 
voltage will drop to 14.1 V. You need 
not worry about this, because the cur- 
rent limiter and D7 ensure that noth- 
ing can go wrong! 

For proper adjustment of P2 it is 
necessary to use a load which is . 
slightly higher than the heaviest an- 
ticipated load. If you want to squeeze 
the most out of this system, select a 
load current of 10A. That can. be 
achieved by means of a load resistor of 
1 Q/120 W, consisting of, for example, 
ten resistors of 10 Q/10 W in parallel. 
Preset P2 is initially turned to ‘maxi- 
mum’ (wiper against R14). Next, the 
load is connected to the terminals 
marked ‘load’ on the board. Carefully 
adjust P2 until you reach the point 
where T3 switches off and disconnects 
the load. 

After removing the load resistors, 
the ‘load’ terminals may be short-cir- 
cuited briefly to check that the elec- 
tronic fuse works properly. (930096). 


Comparator/DAC 
combinations solve 
data-acquisition problems 


This report examines an 
overlooked option for 
many existing A/D con- 
verter (ADC) applica- 
tions: the A/D conver- 
sion is sometimes bet- 
ter implemented with a 


TRANSIENT VOLTAGE MONITOR: 
ADC APPROACH 


_ discrete comparator LSP 
and b/a converter (Dac). r PROCESO EDUREMENS: «MPS. 20 
This substitution gener- : TOTALIoe=35MA 
ally entails a different 
measurement approach, 
_ but the advantages can 
TRANSIENT VOLTAGE MONITOR: 


include lower cost, | DAC/COMP APPROACH 
higher speed, more 
flexibility, and lower 
power consumption. 


INPUT 


MAXIM 
: 1/4 MAXS16 


Current trends, though, are in the 
other direction—designers who must 
implement A/D conversion usually 
specify a packaged apc for the job. 
Most engineers are not aware of an al- 
ternative, and the price/performance 
ratios for ADCs are falling all the time. 
Yet, an analogue comparator plus Dac, 
along with digital processing capabil- 
ity, form the core of a successive-ap- 
proximation ADc. 

The discrete comparator/Dac ap- 
proach is already common in certain 
fields. Automatic test equipment, nu- 
clear pulse-height discriminators, and 
automated time-domain reflectome- 
ters often use the technique whereby 
one comparator input is driven by the 
“Dac, and the other is driven by the sig- 
nal to be monitored. Following is a se- 
lection of general measurement prob- POWER 
lems and specific applications in 
which a comparator/bac combination 


aa 
: : L PROCESSOR REQUIREMENTS: 0.0002 MIPS. lec < mA 
ovis actually more approptiate than an = DAC/COMPARATOR REQUIREMENTS: \gc = 10mA max 
off-the-shelf apc. 


TOTAL Kec ~ 11mA 
A MAxim Report 


: LOW 
| LINE 


MAAXIAA 
t 1/4 MAX516 


i AAAXIAA 
| A MAXS16 
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TRANSIENT VOLTAGE 
ANALYSIS 

A brute-force technique for capturing 
fast-changing amplitude events (tran- 
sients) is simply to digitize them with 
a high-speed apc supported by a 
processor and fast RAM (Figure 1). Sin- 
gle-shot events may compel the use of 
this approach, as may the need to dis- 
cern fine detail in the transients. Oth- 
erwise, if the transients are repetitive, 
you can measure their peak amplitude 
and other features with the DAc/com- 
parator approach (Figure 2), 

The pac sets a trial level at one 
input of the comparator while the 
transient signal is applied to the other 
input. You then determine peak tran- 
sient amplitudes by adjusting the Dac 
output, using a digital latch to capture 
the comparator’s output response 
when its threshold is exceeded. Only 
the comparator input need sustain the 
full bandwidth of the transient, and 
the Dac output can exhibit arbitrarily 
long settling times without affecting 
the measurement accuracy. Thus, sens- 
ing in the analogue domain lets you 
replace an expensive ADC with a low- 
cost bac and comparator. 

A related problem is monitoring an 
analogue voltage with respect to tol- 
erance limits. Many self-diagnostic in- 
struments monitor system voltages, 
temperatures, and other analogue 
quantities, against limit values set in 
software, However, if the comparisons 
are made by a comparator whose set- 
point value is provided by a Dac, you 
can reduce the processor's overhead 
because it need only read a single bit 
representing the out-of-limit condition. 

This technique (analogue-domain 
comparison) is just as accurate as the 
abc technique (digital-domain com- 
parison), so why digitize the whole 
value when you can simply compare 
it against a setpoint? One case should 
be mentioned; if the value must be 
compared against several setpoints, 
such as a low and high warning level 
and a low and high shutdown level, 
an apc may be preferable to the four 
DACs and four comparators otherwise 
required, 


DERIVE A SIMPLE DC 

FROM AN EXISTING DAC 
In portable instruments constrained by 
cost and size, an existing DAC can some- 
times be persuaded to perform A/D 
conversions as well. Cellular phones 
and medical electronics, for example, 
often include a Dac for adjusting the 
contrast voltage in an LCD (Figure 3). In 
some cases, you can also monitor a 
temperature or battery voltage (as de- 
scribed above) simply by adding a 
comparator and switches. The existing 
pac then does double duty, with the 
display blanked while the Dac partici- 
pates in analogue-to-digital conver- 
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sions. As an alternative to blanking, a 
simple sample&hold consisting of an 
analogue switch and capacitor (Fig- 
ure 4) can maintain the LCD contrast 
voltage during an A/D conversion. 
Another alternative is to substitute 
a low-cost dual Dac for the existing sin- 
gle Dac. One half of the dual Dac pro- 
duces a full-time Lcb-contrast voltage, 
while the other half helps form a full- 
time apc, Whether single or dual, the 
pac and comparator require support 
from a fast, simple software routine 
that drives the DAC and samples the 
comparator to implement successive 
approximation (see Box). 


DESIGN 
CONSIDERATIONS 
Combining a pac and comparator is 
simple. A signal is applied to the com- 
parator’s non-inverting input, and the 
DAC provides a digitally programmable 
threshold at the inverting input. The 
comparator then produces a logic-high 
output whenever the signal is more 
positive than its threshold. But, you 
must apply care in several areas. 

To ensure accurate threshold lev- 
els, the DAc’s d.c. output resistance 
should be low with respect to the 
comparator’s input bias current and 
scaling network, The concern arises 
mainly in very-low-power circuits, for 
which the DaAc’s output resistance can 
be as high as 10 kQ2. 

Another bac requirement is low a.c. 
output impedance. Otherwise, the 


BATTERY 


Te MODEST SOFTWARE CVERHEAD 
<= "USE BETWEEN LCD UPDATES 


comparator’s output fast digital slew 
rate can couple through parasitic lay- 
out capacitance, producing input tran- 
sients that degrade accuracy by caus- 
ing oscillations. If some settling time 
can be sacrificed, you can lower the 
DAC’s a.c, output impedance by adding 
a bypass capacitor at the comparator 
input. Instability and oscillation can re- 


Successive approximation 


Successive approximation is easily illustrated by the procedure that uses a 
balance and a set of binary trial weights (a series of weights whose relative 
values are 1, 2, 4, 8, 16, ...) to determine an object's weight. To determine 
the unknown weight by the quickest method (successive approximation), first 
balance the unknown against the largest trial weight. According to the bal- 
ance indication, either remove that weight or add the next largest, and con- 
tinue that process down to the smallest trial weight. The resulting best esti- 


mate of the object's weight is the sum of trial weights remaining in the bal- 


ance pan. 
In succes- 
sive-approxima- 


Begin 


‘Comments 


tion apcs, the 


bits of the inter- | Sask = 
nal DAC are anal- ‘peas 
oop: 


ogous to the set 
of binary 
weights, and 
the comparator 
output is analo- 
gous to the bal- 
ance indication. 
Logic for driving 


Shift mask right: 


Output Dac (value) 

Delay (settling time) 
If input (comp. output) = high 
Value = value and not (mask) 


Value = value or mask 
Loop until mask = 0) 
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RELATIVE COST: 


DAC $2.00 
DUAL COMP $0.50 


TOTAL $2.50 
@600BD + 14 


Shifting weight value—start high 
‘Value = output (initially half scale) 


‘Next trial weight 


‘Loop until all bit weights are tried 


the bit-trial pro- 
cedure can re- 
side either in 


the successive-approximation register (SAR) of a packaged Apc, or in a soft- 
ware routine associated with the processor that controls a DAc/comparator cir- 
cuit. The ‘pseudo-code’ shown in the table represents such a routine. For 
most processors, this routine can be realized with fewer than 20 lines of code. 


End: value contains the final result of the successive approximation. 


oy 


‘Output current value to DAC 
/Wait for DAC output to settle 
{Check comparator output bit 
‘Clear mask bit (set by default) 


SENSOR 


(b) 


SHUTDOWN ACTION 


sult from too much capacitive load on 
the DAc’s output amplifier, but that 
problem is easily fixed by adding a re- 
sistor in series with the Dac output. 

The main issue for comparators is 
hysteresis. Most comparator circuits in- 
clude hysteresis to prevent noise and 
oscillation, but hysteresis should be 
used sparingly—it also causes the 
threshold value to change with output 
state. That behaviour is acceptable if 
the system can compensate for state- 
dependent hysteresis; otherwise hys- 
teresis should be avoided. 

If the comparator to be used has in- 
ternal hysteresis that cannot be dis- 
abled, you can eliminate any negative 
effect by ensuring that the DAC output 
always approaches the comparator 
threshold from the same direction. 
That action is easily established by set- 
ting the DAC to zero after each bit test; 
that is, by adding one line to the 
pseudo-code listing in the box on p.43, 

As another option, you can often 
eliminate the need for hysteresis by 
adding a small amount of capacitive 
feedback, which provides speed-up in 
the comparator’s linear-transition re- 
gion. Or, you can add an output 
bistable or latch to capture the com- 
parator’s output state at a given in- 
stant of time. 


APPLICATIONS 

This section presents a number of sit- 
uations in which a Dac/comparator ap- 
proach offers advantages over the abc 
approach. The application circuits dis- 
cussed are neither unusual nor eso- 
teric, but address common problems 
that arise frequently. 

First, consider the need for a low- 
cost method to detect and log the sags, 
surges, and transients, that occur on a 
power line, An ideal design would be 
a wall-cube device that detects power- 
line abnormalities and logs the time of 
each occurrence to RAM. (Sags and 
surges can last from milliseconds to 
hours; transients are as short as 10 mi- 
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croseconds). The monitor must log the 
duration of complete failures in line 
power, so the monitor power should 
come from a battery. 

The conventional solution to this 
problem is a controller and anc. As the 
converter continually samples the line 
voltage, the controller compares each 
value to user-settable limits stored in 
software, and logs any out-of-spec 
condition to RAM. Because the system 
must be capable of tracking transients 
as brief as 10 ys, the ADC sample inter- 
val must be considerably shorter—per- 
haps 2.5 us maximum as a conserva- 
tive estimate. The controller must 
therefore process the samples at 
1/2.5 us = 400 ksps. 

If software comparisons can be 
coded efficiently and the Apc requires 
no processor intervention, the system 
can operate with as few as ten in- 
structions per sample, requiring 
processor performance in the 4 Mips 
range. Such performance is substan- 
tial, and is not readily compatible with 
battery operation (Figure 1), You might 
then consider an analogue method 
that responds to the derivative of an 
input transient instead of tracking it, 
but that approach appears untenable. 

The alternate Dac/comparator ap- 
proach in this case offers several sig- 
nificant advantages. It requires four 
DAcs and four comparators (or a single 
MAX516), followed by a quad set/reset 
bistable. One Dac/comparator/bistable 
combination monitors high transients, 
one monitors low transients, one is for 
sags, and one is for surges (Figure 2). 
Transient voltages couple directly to 
the comparators, but the input to the 
sag and surge comparators is first rec- 
tified and filtered to obtain the average 
value of line voltage. Appropriate rm.s. 
adjustments can be made in software. 

The system operates by sampling 
and resetting the bistables every T sec- 
onds, where T is the time resolution 
required in the transient log (perhaps 
60 seconds). DAcs for the high and low 


transient levels are set to the desired 
high and low threshold values. The 
sag and surge DACs are adjusted after 
each T-second interval, using a suc- 
cessive-approximation technique to 
generate high-line and low-line limits 
that track the current average value. 
Assuming a very conservative 1000- 
instruction routine to perform this suc- 
cessive approximation and the other 
housekeeping chores, the average CPL 
performance for T = 60s is 17 instruc- 
tions per second. The resulting execu- 
tion rate is 0.00002 mMirs—quite suitable 
for low-power systems, and far below 
the 4mirs required with an Apc ap- 
proach. For further power savings, the 
controller can ‘sleep’ most of the time, 
waking only to process an abnormal 
line condition. The circuit thus reduces 
power, complexity, and cost, by of- 
floading the voltage comparison from 
software to analogue hardware, 


LOW-MAINTENANCE 
FAULT DETECTION 
AND DIAGNOSTICS 


Printer-head control, carriage control, 
and many other electromechanical ap- 
plications, monitor critical internal 
voltages and temperatures to deter- 
mine when to modify their operating 
mode. In extreme cases, this feedback 
enables the system to avoid self-de- 
struction by shutting down altogether. 
For example, a stepper-motor con- 
troller must adjust gate drive to the 
output MOSFETs when necessary to 
avoid the excessive power dissipation 
associated with linear operation. 

Again, the conventional solution to 
these monitoring problems is an Abc 
(Figure 5a). The processor directs the 
Abc to make periodic measurements 
consistent with the time constant of 
the process under control. It then 
scales the resulting digitized values 
and compares them with limits in soft- 
ware. If they go out of bounds, it can 
trigger corrective action or shut down 
the system completely. 

An alternate approach uses the 
bAc/comparator combination (Fig- 
ure 5b). The static DAC output estab- 
lishes a shutdown limit or trip value 
for the comparator. When a tempera- 
ture change causes the comparator to 
trip, the comparator sends an interrupt 
to the processor that initiates corrective 
action. If necessary, the processor can 
also determine the absolute tempera- 
ture value by initiating a software- 
based successive-approximation rou- 
tine. 

On the other hand, to support an 
ADC, the processor must poll the Apc, 
input the sample value, and compare 
it with the setpoint before jumping to 
the shutdown routine. Thus, a DAc/ 
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comparator not only saves 
cost and offers a quicker re- 
sponse then does an ADc: it 
also reduces the processor 
overhead. 


TIME-DOMAIN 

| REFLECTOMETRY 
Finally, the low cost and low 
power — dissipation of 
DAG‘comparator combinations 
(vs ADCs) have made practical 
the portable time-domain re- 
| flectometer (TDR}—an instru- 
ment that detects cable dis- 
continuities and measures 
the intervening transmission 
length. Portable, inexpensive 
TORS have become popular 
with the proliferation of net- 
work cabling. 

A TDR operates like radar: 
it sends a brief pulse along 
the line and detects any echo 
returned by an open, short, 
or other abrupt discontinuity 
in the line impedance. The 
time interval for propagation 
of the outward-bound pulse 
and its returning reflection is 
about 3.3 ns per foot 
(10.8 ns m-1), assuming a line 
propagation of 0.6c, where c 
is the speed of light. 

The ratio of received-pulse ampli- 
tude to transmitted-pulse amplitude is 
used to compute the reflection coeffi- 
cient. Knowing the reflection coeffi- 
cient and cable impedance, you can 
compute the impedance of the dis- 
continuity, and from that information 
deduce the nature of the discontinuity. 
Coaxial cables introduce a complica- 
tion by attenuating the pulse on its re- 
turn trip, so the software must com- 
pensate for this effect by applying an 
amplitude correction based on the dis- 
tance measurement. 

An Abc in this application would 
have to convert every 5 ns (200 Msps). 
Though available, such ADCs are ex- 
pensive, power hungry, and generally 
unsuitable for portable applications. 

The analogue front end of an actual 
hand-held 1px (Figure 6) serves to il- 
lustrate the ideas described above. Dig- 
ital circuitry is excluded for clarity. 
Though simple and without exotic 
components, this circuit has impres- 
sive performance. It measures termi- 
nation impedance reliably and with 
5% accuracy for cable lengths to 500 ft 
(165 m). For open or shorted termina- 
tions, it measures distances to 2000 ft 
(660 m). And, best of all, the system 
(including display and digital circuitry) 
can operate for 20 hours on a 9 ¥ al- 
kaline battery. 

The comparator in Figure 6 (1C3) 
provides single-supply operation with 
ground sensing and a propagation 
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delay of just 10 ns. The Dac (IC4) is a 
dual device in which one side helps 
with the pulse-height measurement 
and the other drives the LCD contrast 
control (as in Figure 3). Note that the 
DACs are driven backwards; the (nor- 
mal) current outputs are driven to- 
gether by a buffered reference, and the 
(normal) reference inputs serve as volt- 
age outputs (each buffered by an ex- 
ternal op amp). 

A simple glitch-monostable circuit 
(not shown) drives the base of Q;, 
which in turn drives the cable with 
positive 10 ns-duration pulses. Any re- 
flections from the line are coupled to 
the comparator via C3, 

IC; is a bandgap reference whose 
1.2 V output is buffered by op amp 
IC54 to provide a reference voltage for 
the dual Dacs in ICy. This reference 
voltage is also doubled by gain-of-2 
amplifier IC}. to provide a 2.5 V d.c. 
level at the comparator’s non-invert- 
ing input. DAC A applies 0-3.8 V at the 
comparators inverting input. Levels 
above 2.5 V enable the determination 
of positive-going pulse heights, and 
levels below 2.5 V determine the am- 
plitude of negative-going pulses, 

Each pulse entering the transmis- 
sion line also enters a variable delay 
line in the digital circuitry, which con- 
sists of a string of 20 ns delay elements 
controlled by a counter. This delayed 
pulse from the digital section jointly 
drives the D inputs of bistables IC, 
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and IC), which in turn are clocked by 
complementary TT. outputs from the 
comparator. Thus, time measurements 
amount to a race between the return 
pulse and pulse going through the 
delay line; if the D input arrives before 
a clock transition, the bistable output 
is high; otherwise, it is zero. 

To measure, set the DAC output to 
a low absolute level and iteratively ad- 
just the delay until the bistable output 
remains at zero, then read the counter. 
Similarly, to measure the height of re- 
turn pulses, iteratively adjust the DAC 
output until the bistable output re- 
mains at zero, then read the Dac. Note 
that two bistables are required to cap- 
ture the comparator’s leading edge for 
both positive and negative pulses. This 
leading edge rises for positive pulses 
and falls for negative pulses; if both 
were applied to a single bistable, the 
pulse width would become an un- 
wanted part of the delay. 

[908] 
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The MAX038 is a pre- 
cision, high-fre- 
quency function gen- 
erator that produces 
accurate sine, 
square, triangle, saw- 
tooth, and pulse 
waveforms, with a 
minimum of external 
component. 


The internal 2.5 V reference (plus an 
external capacitor and potentiometer) 
lets you vary the signal frequency 
from 0.1 Hz to 20 MHz. An applied 
+2.3 V control signal varies the duty 
factor between 10% and 90%, enabling 
the generation of sawtooth waveforms 
and pulse-width modulation. 

A second frequency-control input— 
used primarily as a vCO input in phase- 
locked-loop applications—provides 
+70% of fine control. This capability 
also enables the generation of fre- 
quency sweeps and frequency modu- 
lation. The frequency and duty-factor 
controls have minimal interaction with 
each other. 

All output amplitudes are 2 Vo-p 
symmetrical about ground. The low- 
impedance output terminal delivers as 
much as +20 mA, and a two-bit code 
applied to the TrL-compatible Ap and 
A, inputs selects the sine, square, or tri- 
angle output waveform: 


Waveform 
x 1 sine 
0 oOo. square 
1 0 triangle 


x = don’t care 


To synchronize MAX038 operation 
with other devices in the system, the in- 
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ternal oscillator produces a TTL-com- 
patible syNc output, whose duty factor 
remains constant at 50% regardless of 
the duty factor set for the output wave- 
form. The MAX038’s internal phase de- 
tector enables such synchronization as 
well. It also enables the demodulation 
of frequency-modulated signals. 


DETAILS OF OPERATION 
By alternately charging and discharg- 
ing an external capacitor, the 
MAX038’S relaxation oscillator pro- 
duces simultaneous square and trian- 
gle waves. An internal sine-shaping 
circuit converts the triangle to a low- 
distortion, constant-amplitude sine 
wave. The sine, square and triangle 
wave are applied to an internal mul- 
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tiplexer that lets you select the output 
waveform according to the state of ad- 
dress lines Ap and Ay. The output am- 
plitude remains constant at +1 V re- 
gardless of wave shape or frequency 
(Figure 1). 

See Figure 2 for the MAX038's block 
diagram and operating circuit, Pow- 
ered from +5 V, the device consumes 
400 mW and has a nominal output fre- 
quency set by the oscillator capacitor 
Cy. Coarse deviations from that fre- 
quency are made by varying the J;, 
current from 2 yA to 750 WA, a range of 
375:1. The J,,-current can be derived 
from the on-board 2.5 V reference and 
an external fixed or variable resistor. 

To adjust the frequency digitally, 
connect a voltage-output Dac to J, via 
a series resistor as shown in Figure 3. 
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The converter output ranges from 0 ¥ 
at zero to 2.5 V at full scale. Current in- 
jected by the converter into /,,, there- 
fore, ranges from 0 pA to 748 wA. The 
2.5 V reference and 1.2 MQ resistor in- 
ject a constant 2 wA, so (by superposi- 
tion) the net current into /j, ranges 
from 2 yA (at a code of 0000 0000) to 
750 wA (at 1111 1111). The quad-pac ic 
operates from 5 V or +5 V, As de- 
scribed later, it can also provide digital 
control of faa; aNd Dag}. 

For fine adjustments (+70%), apply 
a control voltage in the range +2.3 V 
to the frequency adjust (f,4)) terminal. 
Both fag; and fj, have wide band- 
widths that allow the output fre- 
quency to be modulated at a maxi- 
mum rate of about 2 MHz. As the 
more linear input, J;, is preferred for 
open-loop frequency control; input 
voltage, faqj is better suited for use ina 
phase-locked loop. For digital control 
of faayp configure a DAC and external 
op amp (as in Figure 3) to produce an 
output ranging from —2.3 V (0000 0000) 
to 2,3 V (1111 1111). 

The duty factor (the percentage of 
time that the output is positive) can be 
adjusted in the range 10-90% by ap- 
plying a +2.3 V control signal to the 
duty-factor-adjust terminal D4). This 
signal changes the ratio of charging 
current to discharge current for ca- 
pacitor C; while maintaining a nearly- 
constant output frequency. 

The Dg input also lets you mini- 
mize distortion in the output sine 
wave. Minimum distortion occurs at a 
duty factor of exactly 50%, but the typ- 
ical duty factor (with Vpaqj = 0 V) is 
50% +2%. By applying a small control 
voltage (typically lower than 
+100 mV) to Dagj, therefore, you can 
set the exact 50% symmetry that min- 
imizes the distortion. 

The source driving Dg; must sup- 
ply a constant 250 A (see Fig. 2}. The 
temperature coefficient of this internal 
current sink is unimportant for 
op amps and other low-impedance 
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sources, but is significant when a vari- 
able resistor is used as shown. Thus, 
variable resistors suit manual opera- 
tion only, in which the operator can 
correct errors through readjustment. 
Like fiagj- Daaj has a 2 MHz bandwidth 
and a +2.3 V range. It can be digitally 
controlled with an identical circuit 
(Fig. 3). 


PHASE-LOCKED 
OPERATION 

The MAX038's internal phase detector 
is intended primarily for use in phase- 
locked-loop (PLL) configurations. In 
Figure 4, for instance, the phase de- 
tector in IC; enables that device to syn- 
chronize its operation with that of IC). 
You connect the applied reference sig- 
nal to ICy’s TIL/cMos-compatible 
phase-detector input (PDI) and connect 
the phase-detector output (PDO) to the 
input (f,qj) of the internal voltage-con- 
trolled oscillator. pbo is the output of 
an xXOR gate—a mixer—which pro- 
duces rectangular current waveforms 
at frequencies equal to the sum and 
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difference of the Pb! frequency and the 
MAX038 output frequency. These 
waveforms are integrated by C,y to 
form a triangle-wave voltage output at 
poo, The 10 Q/ 100 pF pair at ppt limits 
that pin’s rate of rise to 10 ns. 

The ppo current-pulse levels are 
0 wA and 500 «A, with a duty factor 
that approaches 50% when ppb and the 
output are in phase quadrature. Oth- 
erwise the duty factor approaches 
100% when the phase difference ap- 
proaches 180°, and 0% when the 
phase difference approaches 0°. T,,4, 
Cpa and R, form a filter that deter- 
mines the PLL frequency response. 

At the syne output is a square wave 
whose rising edge coincides with the 
rising edge of an output sine or trian- 
gle wave as it passes through zero 
volts. If the output is a square wave, 
SYNC’s rising edge occurs at the mid- 
point of the positive portion, causing 
SYNC to lead the output by 90° (phase 
quadrature). 

SYNC lets you slave one MAX038 to 
another by providing a TTl-compatible 
square wave at the phase-detector 
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input (PDI), as required by the slaved 
device (IC3). On the other hand, sync 
is not available when a MAX038 is syn- 
chronized with sine or triangle waves 
from other sources. For those cases, the 
PbI input must be driven by a com- 
parator to square up the signal and 
provide the appropriate level shifting. 

The internal phase detector can 
also demodulate frequency-modulated 
signals. 


FREQUENCY 
SYNTHESIZER 

The MAX038 and four other Ics can 
form a crystal-controlled, digitally pro- 
grammed frequency synthesizer that 
produces accurate sine, square or tri- 
angle waves in 1 kHz increments over 
the range 8 kHz to 16.383 MHz (Figure 
5). Each of the 14 manual switches 
(when open) makes the listed contri- 
bution to the output frequency: open- 
ing only Sy, S; and Sg, for instance, 
produces an output of 259 kHz. 

The switches generate a 14-bit dig- 
ital word that is applied in parallel to 
the pac (IC) and a xn circuit in ICj. 
This device also includes a crystal-con- 


550 


trolled oscillator and a high-speed 
phase detector, which form a phase- 
locked loop with the voltage-con- 
trolled oscillator in ICs. 

The pac and dual op amp (IC4) 
produce a 2-750 vA current that forces 
a coarse setting of the IC; output fre- 
quency—sufficient to bring it within 
capture range of the Pl. This loop, in 
which the phase detector in IC; com- 
pares ICs’s sync output with the erys- 
tal-oscillator frequency divided by 1 
produces differential-phase informa- 
tion at pbv and por. IC; then filters and 
converts this information to a +2.5 V 
single-ended signal, which, when 
summed with an offset and applied to 
faaj forces the signal output frequency 
to the exact value set by the switches. 

Applying coarse frequency control 
with the Dac and the Jj, terminal of 
IC; (pin 10) gives the fine-control input 
(faaj) @ reasonably fast response to 
switch changes. The 50 MHz, 50 
low-pass output filter passes 16 MHz 
sine, square, and triangle, waves with 
reasonable fidelity, while blocking 
high-frequency noise generated by the 
xn circuit. 
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More information on the MAX038 and. 
its applications is available from 
Maxim Integrated Products (UK) Ltd 
Unit 3, Theale Technology Centre 
Station Road, Theale, Berkshire, 
United Kingdom RG? 4XX 
Telephone 01734 303 388 

Fax 01734 305 577 


Elektor Electronics 


A Burr-Brown Application 


If you’re looking for an audio 
amplifier that produces a lot of 
power using an absolute mini- 
mum number of components, 
this one is for you. 

Burr-Brown’s OPAS4| is a 
power opamp capable of oper- 
ation from power supplies up to 
+40 V and delivering continu- 
ous output currents of up to 
5 A. Internal current limit cir- 
cuitry can be user-programmed 
with a single external resistor, 
protecting the amplifier and the 
load from fault conditions. The 
OPAS41 is available in an 11- 
pin power plastic package and 
an industry-standard TO-3 her- 
metic package. The former is 
used here. 

Although the OPAS41 is 
primarily intended for applica- 
tions like motor drivers, servo 
amplifiers and programable 
power supplies (says B-B), it is 
also fine for a medium-power 
AF amplifier with reasonable 
specifications. The design 
shown here is capable of sup- 
plying about 60 watts into an 8- 
(2 load. This is achieved with an 
audio drive level of 1,.3V my and 
a symmetrical supply voltage of 
+35 V. The on-chip current lim- 
iter is set to an actuation level 
of about 8.5 A by parallel-con- 
nected resistors R6/R7. This 
level ensures that the maximum 
drive margin can also be 
achieved with a load of 49. 
Note, however, that R6 and R7 
do not make the amplifier 
short-circuit proof, because that 
would require a current limiter 
threshold of 1.8 A, assuming 
that the IC is operated within 
its SOA (safe operating area, 
for details consult the B-B 
datasheets). The value of the 
resistor, R,;, that determines 
the current limiter actuation 
level is calculated from 


Rg = (0.813/lgy¢) — 0.02 [Q] 


In practice, the positive half- 
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single-chip AF power amplifier 


cycle of the output current will 
be limited somewhat earlier, at 
about 10% below the calculated 
level. The opposite is true for 
the negative current, which will 
be about 10% higher than the 
calculated level. 

The amplifier is not a bad 
performer as regards distor- 
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tion. The graph shows that the 
THD level remains well below 
0.5% over the full audio spec- 
trum, assuming that a gain of 
x6 is programmed (R5 ap- 
prox, 5 kQ) and a supply volt- 
age of +35 V. The curve applies 
to an output power of 50 watts 
into §Q. 


Because the IC operates at 
a quiescent current of only 
20 mA, cross-over distortion 
occurs readily. The theoretical 
bandwidth is, therefore, lim- 
ited to about 22 kHz by capac- 
itor C3. Input filter R2-C2 
serves to reduce IMD (inter- 
modulation distortion), and re- 
duces the actual bandwidth to 
about 16.6 kHz. The low-fre- 
quency roll-off is set to 6.6 Hz 
by RI-CL. 

The IC must be fitted on to 
a fairly large heatsink with a 
thermal resistance of 1.2 K/W 
or better, A suggested type is 
Fischer's SK85SA/75mm, which 
will be just about sufficient for 
music into a 4-Q load. 
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Most ohmmeters and 
_ cable testers have either 
a moving-coil meter or a 
- liquid crystal display 
(LCD). The circuit de- 
scribed here presents a 
_ viable alternative to 
these traditional indica- 
tors. A row of six LEDs 
_is used to indicate resis- 
_ tance values between 
10 ohm and about 

1 mega-ohm, while a 
buzzer and another LED 
are activated when a re- 
sistance value between 
~ nought and 2 ohm is 
measured. 


Design by L. J. Koch 


While working on simple electrical 
and electronic equipment, it is often 
far more important to know whether 
a connection is intact or not, than to 
know the exact resistance. While test- 
ing a cable, for example, all you want 
to be sure of (in most cases) is that the 
individual wires are intact, and that 
there are no short-circuits between 
them. Arguably, a meter used for this 
purpose only has to be able to detect 
the difference between a very low re- 
sistance and a very high resistance. 

The same applies when capacitors 
have to undergo a check for internal 
short-circuits. This test really allows 
only two states: short-circuited (very 
low resistance) or okay (high resis- 
tance). 

With measurements on resistors, 
too, it is usually sufficient to check that 
the actual value tallies roughly with 
the colour code printed on the com- 
ponent. Here, too, high accuracy is not 
required. 

The circuit described here is useful 
for all of the above mentioned appli- 
cations. An LED is turned on, and a 
buzzer sounds, when a resistance 
smaller than about 2 Q is measured. 
Higher values are indicated by six 
LEDs, each of which represents one 


decade (a range factor of ten). The LED 
row thus indicates a logarithmic resis- 
tance scale which is divided into the 
following ranges: 


- smaller than 10 Q 
- 102 to 100.2 

- 1002 to 1 kQ 

- 1kQ to 10kQ 

- 10 kQ to 100kQ 

- 100 kQ to 1 MQ 


The seventh LED and the buzzer are 
intended for the (adjustable) range 
from 0 Q to about 2 Q. 

The nice thing about this circuit is 
not just its original set of range indica- 
tors, but also the fact that the user is 
free to determine the practical layout 
of the circuit as regards resistance val- 
ues and ranges, 50, the circuit is easily 
adapted to meet your individual re- 
quirements, while it is also possible to 
increase the accuracy. 


COMPARATORS 

In electronics, measuring resistance 
values is usually based on an indirect 
method. From Ohm’s law (U=IR}, it 
follows that there are a number of op- 
tions: for example, send a known cur- 
rent through the resistor under test, 
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and then measure the voltage it drops. 
The measured voltage is a direct mea- 
sure for the resistance. Alternatively, 
a known voltage may be applied 
across the resistor, whereupon the cur- 
rent is measured. Again using Ohm’s 
law, this current is inversely propor- 
tional to the value of the resistor under 
test. Whatever type of measurement is 
used, the resistance is not measured 
directly but using a voltage or current 
measurement. That also applies to the 
circuit shown in Figure 1. 

The unknown resistance, R,, is in- 
serted in a potential divider which 
includes resistors R1 
and R2. 


A constant 
voltage of 
9V is con- 
nected to the 
extremes of 
the potential 
divider. Conse- 

quently, the voltage generated across 
the unknown resistor is a direct mea- 
sure for the resistor value. 

The voltage measurement is not 
performed with the aid of a moving- 
coil meter, but using a series of com- 
parators contained in IC] and [C2. 
These are biased such that each com- 
parator output toggles at its very own 
input voltage. 

‘To provide an indication of the tog- 
gling, each comparator output has its 
own LED. LEDs D1 through D7 light 
as soon as the output of the relevant 
comparator drops low. 

Apart from an LED, the output of 
IC1d also controls a ‘beep’ generator 
consisting of opamp ICId and a.c. 
buzzer Bzl, The buzzer produces a 
loud beep when the measured resis- 
tance is very low, for instance, smaller 
than 2 2 (adjustable with preset P1). 
LED D1 then also lights. 

The individual voltage levels at 
which the comparators toggle are cre- 
ated with the aid of a voltage divider 
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which consist of resis- 
tors R12 through R18. 
Because the inverting 

input of each comparator is 
connected to a different tap on the re- 
sistor ladder, each input is biased at a 
different voltage. All other comparator 
inputs (that is, the non-inverting ones) 
are interconnected, and then taken to 
the unknown resistor, R,. 
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THE RESISTANCE SCALE 
Assuming that the unknown resistor is 
temporarily replaced by a poten- 
tiometer of 1 MQ which is slowly ad- 
justed frm 0-Q to 1 MQ, then the volt- 
age at junction R1/R, will slowly in- 
crease from 4.5 V to 9 V. When the pot 
is set to a low value, R, may be con- 
sidered as a short-circuit, and the 
lower side of R1 is effectively con- 
nected to the top side of R2. Junction 
R1/R2 created in this way then consists 
of two equal resistors. It drops exactly 
half the voltage which exists across the 
entire voltage divider. 

Ata very high value of R, (say, ‘in- 
finite’) the lower side of R1 simply has 
the full supply voltage on it, or 9 V. 
With values of Rx which are com- 
prised between nought and infinite, 


IC1,1IC2 = TLO84 
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the voltage at junction R1/R, 
will be somewhere between 
4,5 V and 9 V, and proportional 
with the value of R,. The volt- 
age obtained in this way is measured 
and indicated with the aid of the com- 
parator and the associated LEDs. 

When the previously mentioned 1- 
MQ potentiometer is slowly turned 
from 0 Q to its maximum value, the di- 
rect voltage at the non-inverting in- 
puts of all comparators will increase 
from 4.5 V to 9V, causing the com- 
parators to toggle one after another. 
The toggling takes place the instant 
the voltage at the non-inverting input 
of a comparator exceeds the voltage at 
the inverting input. This happens first 
with IC2d, whose inverting input, 
pin 13, is connected to the lowest tap 
on potential divider R12-R18 (corre- 
sponding to a low voltage at junction 
R1/R,). The last comparator to toggle 
in the series is IC1b because its invert- 
ing input (pin 6) is held at the highest 
bias level. 

When a low voltage exists at junc- 
tion RI/R, (brought about by a low 
value of R,), all LEDs will light. When 
a high value of R, is measured, none 
will light, or just D1. 


THE LOW-R INDICATOR 
The indicator for low values, IC1d/Bz1, 
has an adjustable input potential di- 


a 


vider, P1, rather than a fixed one like 
R12-R18. The preset is adjusted such 
that LED D1 just lights, and the buzzer 
just starts to sound, when a resistance 
smaller than 2Q is connected to the 
input probes. 

The oscillator is enabled when the 
high voltage disappears which nor- 
mally arrives at pin 13 of IC1d. This 
happens when a low resistance R, is 
measured. The cyclic charging and dis- 
charging of capacitor Cl by the output 
of ICId (pin 14) provides a rectangular 
waveform with a frequency of a few 
kilohertz. This rectangular voltage 
causes the a.c. buzzer, Bz1, to start 
beeping. Note that Bz1 is a so-called 
passive piezo-ceramic buzzer. 

If you wish, you can silence the 
buzzer with switch 52. That leaves you 
with LED D1 as an indicator for very 
low resistance. 


CONSTRUCTION 
The circuit is best built on universal 
prototyping board size one, which is 
available as order code UPBS-1 
through our Readers Services. The 
component mounting plan is shown 
in Figure 2. The photograph in Fig- 
ure 3 shows our completed prototype 
of the continuity tester. 

Check the completed board for in- 
correctly fitted parts and short-circuits, 


in particular, between the IC pins. If 
everything is in order, you may con- 
nect the 9-V battery to the board to see 
if the circuit works. 

Close switch $1. LEDs D2 through 
D7 should light if you short-circuit the: 
R, input probes, LED D1, too, will 
light at a certain setting of P1, while 
the buzzer will produce an audible 
beep (provided 52 is closed). The pre- 
set should be adjusted such that the 
buzzer just starts to sound when a re- 
sistor smaller than 2 Q is connected. 

The fully functional circuit may 
then be mounted in a suitable box, 
which may be given a neat appearance 
with the aid of the front panel design 
shown in Figure 1. This may be copied 
or re-drawn and then stuck on the 
cover of the case using transparent 
self-adhesive foil. 

(936009X) 
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Recognizing 


the number — 


The identification of a vehicle through its 
unique registration code as displayed on the 
front and rear number plates has a wide 
range of applications anywhere in the world, 
It is taken for granted when buying or selling 
a car; when driving into a reserved car park- 
ing space; when there has been a road acci- 
dent and for many other purposes. 

However, in the majority of situations 
where it is necessary to capture the vehicle 
number, it has to be done manually, While 
this is satisfactory on a one-off basis, as it is 
both costly and time-consuming, it cannot be 
done in real time without restricting traffic 
flow. Hence, traffic monitoring is frequently 
not carried out even where the results could 
be usefully applied. 

Now, a system has been developed to ex- 
tract and read road vehicle licence plates and 
aircraft tailcodes from video camera imagery 
which, by using readily available computers 
and video camera equipment, can automate 
the process. 

Processing specd is such that most vehi- 
cles can be analysed in a single lane of traf- 
fic for typical flows and specds on main roads 
without the need for specialized and, there- 
fore, expensive hardware, 

The recognition software is coded in the 
C language and has been implemented on 
Sun Spare stations and on pcs. The images 
are captured with simple electronic fast-shut- 
ter cameras which are connected to the com- 
puter via a cable and controller. 

There are many situations where real-time 
capture is required. For example, in the area 
of law enforcement, automatic identification 
would allow the systematic checking of large 
numbers of registration plates against com- 
puter records of stolen vehicles, where man- 
ual computer entry by police officers would 
require excessive efford of a tedious nature. 
Furthermore, an automated system could pro- 
vide the police with answers sufficiently 
rapidly for them to take immediate action. 


INTELLIGENT 
BARRIER CONTROL 


Commercial applications can include intelli- 
gent barrier control, or monitoring of arcas 
with complex movement patterns, for exam- 
ple, as part of ground movement control in 
airports. where both road vehicle registration 
and aircraft taileodes would be useful. 

Road transport authorities are fre- 
quently concerned with monitoring traffic 
patterns (for traffic modelling, for instance), 
for which an identification capability is a 
useful analytical tool. 

So buses that regularly travel along par- 
ticular roads could be identified automatically 
and then their presence taken into account. 
Furthermore, buses could pass unhindered 
through an automated toll collection point. 

Similarly, this technology could enable a 
vehicle arriving on site to be automatically 
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identified. Then, traffic signals could route 
the vehicle without delay to the appropriate 
loading bay. This speedy routeing is beeom- 
ing increasingly significant in manufacturing 
and distribution where ‘just in time’ is of vital 
importance, 

For road vehicle identification, the cam- 
era Is set up alongside the path of oncoming 
traffic so that its field of view will encompass 
the front elevation of oncoming vehicles. 
The aproach of a vehicle is detected by there 
being significant changes in the image re- 
ccived by the camera — when there is no traf- 
fic flow, there will be just a static roadway 
image. This change in view triggers an image 
field retention. 


RETAINED IMAGE 


Then, within the retained image a search 
is made for an area having the distrib- 
uted grey-level pattern which is charac- 
teristic of a number plate. An image win- 
dow is placed around the most likely 
area. This region is then further 
processed to identify the actual form and 
then to recognize the characters of the 
number plate. 

Numbers must stand out from their 
backgrounds by being dark characters or vice 
versa. While the former is normal for road 
vehicles which have to comply with national 
regulations, aircraft can be dependent on the 
airline's particular colour scheme. 

Sensitivity thresholds are set to cater for 
these situations and resolve the image scan 
into a binary form. That is, based on the 
threshold set, every part of the selected area 
must be treated as cither black or white — 
one or zero. 

A connected component finder segments 
the whole of the binary image into a group 
of objects which are of an appropriate size 
to be considered as characters, and group- 
ings of characters. They are then examined 
for layout patterns which are consistent with 
those of number plates or tailcodes. How- 
ever, extra care must be taken where, for ex- 
ample, there are number plate fixing bolts 
which can mask the clarity of the detected 
characters and thus need further analysis. 


CERTAIN 
CHARACTERISTICS 


There are several styles of road vehicle num- 
ber plates with the most common one con- 
sisting of a single row of characters which 
will have certain characteristics dependent 
on the country of registration. 

For example, the vast majority of num- 
ber plates in the UK consist of one Ictter fol- 
lowed by three digits and, finally, three let- 
ters. Thus, the software initially checks to see 
whether it is of that form or, if not, which of 
the other standard forms it is. Then, having 


selected an overall ‘number plate’, it divides 
it up into the areas which relate to each dis- 
crete character for identification purposes, 

It is constructive to compare the task of 

automatic plate recognition:with optical char- 
acter recognition (OCR), which is increasingly 
being used for document image processing, 
Whereas document ocr starts with good 
gcometrical registration and has the luxury 
of controlled illumination, licence plate read- 
ing must cope with dirty or incomplete char- 
acters and even the presence of plate fixing 
studs which could give rise to errors, 
In a similar manner, for tailcode location, 
once the presence of an aircraft is detected, 
a sequence of images is captured until the sys- 
tem recognizes that the aircraft has passed. 
This is detected when the background reverts 
to what it was previously. Complete images 
from the latter part of this sequence are again 
sent for further processing, 

The selected region (or whole image in 
the case of aircraft) is processed for local 
background removal so that the position of 
the identification number can be located. For 
example, large areas that just consist of back- 
ground colour can be ignored. 

In addition to the extracted numbers, the 
video image can be stored as video on tape 
together with time and date information and 
the recognized identification number, This 
can provide a useful historic log for security 
purposes as it will show additional informa- _ 
tion such as the type of vehicle, its colour and 
any identifying features. {965034} 
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Low-cost alternative to quartz crystals 


New from C&CD, the capac- 
itor specialist. comes the 
range of Murata ceramic res- 
onators, As effective as quartz 
crystals, yet up to 350% 
cheaper, these devices are cur- 
rently the norm for frequency 
control applications in Japan. 

A range of frequencies 
from 190 KHz to 50 MHz 
makes these resonators suit- 
able for a number of applica- 
tions, For automotive uses, 
including airbag, ABS and 
molor Management, special 
versions are available. Having 
been subjected to a heat de- 


bugging test. these devices 
can operate in the —40 to 
+125°C temperature range. 
In addition, Murata ceramic 
resonators are ideal in com- 
munication and EDP applica- 
tions. The former include 
wired. cordless and mobile 
phones. the latter comprises 
printer and keyboard;‘mouse 
controller uses, among others. 

Available taped or bulk- 
packed, these devices are sta- 
ble to +0.3% of the frequency 
across the —-20 to +80°C 
lemperature range. 

C&CD will have a com- 


plete listing of all 
the correct res- 
onators to go with 
microprocessors 
from the major 
manufacturers, 


y ' 


C&CD Ltd., 
Lane End Indus- 
trial Park, Lane 
End, High 
Wycombe HP14 
3JG. Tel. 
(01494) 882848, 
fax (01494) 
882792. 


Full-range C/R meter from Wavetek 


The new CRSO capacitance, 
resistance meter from Wavetek 
features a CAP Zero Adjust 
button to compensate for test 


lead capacitance. The instru- 
ment Measures capacitance in 
nine ranges from 200 pF to 
20 mF with 0.1 pF resolution. 


and resistance In seven ranges 
from 20Q to 20MQ with 
0.01 Q resolution in the 20.Q 
range. The low 20Q range, 
unusual in most DMMs, also 
features a Zero Adjust button. 
Accuracy is 0.5%. 

The CRS50 incorporates a 
beeper for fast and convenient 
continuity measurement, and 
a diode test. The price, com- 
plete with operator's manual, 
test leads and battery. is 


£65.00, Accessories include a 
protective holster and a vinyl 
carrying case, The meter 
comes with a one-year war- 
ranty. The CR50 ts designed 
to IEC 1010-1 and UL3111 
standards, 


Wavetek Ltd., Hurricane 
Way, Norwich, Norfolk 
NR6 6JB. Tel. (01603) 
404824, fax (01603) 
483670. 


Filtered Inlets 
Combat 
EMC problems 


As the transitional period for 
compliance with the European 
EMC directives ends, manu- 
facturers may be rushing to 
ensure that their products 
comply, The problem of sus- 
cepubility to mains-borne in- 
terference can be solved sim- 
ply and cost-effectively with 
IEC inlet filters from Rendar. 
Belling Lee SF series 
EMI/RFI mains filters come 
in a variety of general- and 
special-purpose styles with a 
range of output connection 
options to suit any applica- 
tion. Input connections are all 
JEC 320, and current ratings 
up to 16 amps are available. 


Inlets for special purposes 
include low-leakage versions 
for medical applications, [EC 
950 versions. inlets incorpo- 
rating surge protection and/or 
an earth line choke, and ver- 
sions with an integral single or 
twin fuse holder, Compact 
versions with approximately 
the same dimensions as non- 
filtered inlets can be used in 
space critical applications, 
and can be retro-fitted to ex- 
isting designs. 


Rendar Limited, Durban 
Road, South Bersted, 
Bognor Regis, West Sus- 
sex PO22 ORL, 
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To convert a standard 
stereo installation into 
a Surround sound 
setup, at least three 
additional speakers 
are needed, of which 
the centre one must 
be magnetically 
shielded. The minia- 
ture speakers de- 
scribed in this article 
have been designed 
solely for this purpose 
by the German loud- 
speaker specialist 
Visaton. 


~ The. surround-sound decoder pub- 
lished last year proved very popular 
with readers from all over the world. 
Many of them wrote, however, to ask 
about suitable loudspeakers. 
Since many of these readers ex- 
- pressed a wish to build the boxes them- 
“selves, it was a godsend when the Ger- 
man firm of Visaton offered a set of 
miniature loudspeakers for review. 
These speakers have been designed es- 
pecially for surround-sound applica- 
‘tions and are available as kits at very 
reasonable prices. 
The centre loudspeaker, which 
should be placed immediately under- 
-neath the television set, uses magneti- 
ly shielded drive units. This is a must, 
otherwise the Tv sound and vision will 
be adversely affected (and how!). 
Shielded drive units for home con- 
struction are still few and far between. 
The back speakers have a novel fa- 
cility. From their own tests, Visaton 
that the directional sensitivity of 
these speakers had an important effect 
the optimum location of the lis- 
tener. The pair discussed in this article 
am upwards, which gives them a 
diffuse character, and this in 
n enlarges the listening area of op- 
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timum surround effect. A simple, but 
effective solution. 


CINEMA-LIKE 
WITH LIMITED 
BANDWIDTH 

A complete surround-sound installa- 
tion consists of the power amplifier(s), 
surround-sound decoder, the standard 
loudspeakers for the left-hand and 
right-hand channels, a centre speaker 
that is placed between these two, and 
two back speakers that provide the 
spatial information. The standard 


SOUND 
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speakers must be of hi-fi quality, since 
they largely determine the overall 
sound quality; they are normally dri- 
ven by the extant a.f. amplifier. 

The centre channel is used primar- 
ily for speech and its information con- 
sists mainly of the sum of the left-hand 
and right-hand signals from which the 
low frequencies have been filtered. 
This is why the frequency range of this 
speaker need not extend into the very 
low frequencies. In other words, nei- 
ther the box nor the drive units need 
to be large. 


sc 8 
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The frequency range of the back 
speakers needs to be only about 
100 Hz to 7 kHz, since this is the range 
of decoder output. Also, the sound 
level from these speakers is relatively 
low compared with that from the 
other three. This means that the drive 
units for these speakers can be small, 
good-quality wide-band types. 

The power rating of the back speak- 
ers need not be high either, primarily 
because they are not required to repro- 
duce low frequency signals. A rating of 
20 W is sufficient in almost all cases. 


CENTER 80 
The central speaker uses two 80 mm 
wideband drive units Type SC8 and a 
10mm tweeter Type SC5, These units 
are, as stated earlier, magnetically 
shielded. The associated filter, whose cir- 
cuit diagram is shown in Figure 1, has 
a cross-over frequency of 5 kHz and roll- 
offs of 12 dB per octave. 

Because of the shielding, the speaker 


may be placed in close proximity to a 
television receiver or computer monitor 

The two 80 mm drive units are lo- 
cated in the bottom half of the enclo- 
sure with the tweeter above them. In 
many other speakers, the tweeter is 
placed between the two wideband 
units (the so-called d’Appolito config- 
uration), but this has the drawback 
that the radiation pattern of frequen- 
cies around the cross-over frequency 
varies appreciably in the vertical di- 
rection (assuming that the speaker is 
upright). Normally, this does not mat- 
ter much, but since the speaker in sur- 
round-sound applications is frequently 
used lying down, it would mean that 
sound reproduction varies when the 
listener moves his/her head slightly to 
the right or left and this is, of course, 
not the idea. With the present config- 
uration this effect is virtually non-ex- 
istent, so that the sound remains ho- 
mogeneous outside the listening axis. 
The performance of the Center 80 can 
be assessed from the frequency char- 
acteristic in Figure 2, Note that the 
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slight hump at 150 Hz en- 
sures that the speaker, in 
spite of its modest dimen- 
sions, produces a voluminous 
sound. 


EFFEKT 80 

The effect described in the pre- 
vious paragraph fortunately 
does not occur in the back 
speakers, since these use only 
a single 80 mm drive unit Type 
FRS8. In spite of their com- 
pactness, the speakers produce 
aan excellent spatial sound ef- 
fect. As mentioned earlier, they 
radiate the sound upwards. 
This produces good scattering 
of the sound, and obviates the 
hot spot so often encountered 
with other surround-sound 
systems. (A hot spot is a single 
location in a room where the 
sound appears concentrated, 
although it should, of course, 
be evenly distributed). 

The performance of the 
speakers was measured in a 
practical setup: the frequency 
response at a distance of 1m 
from each of them, suspended 
from a wall at ear-height, is 
shown in Figure 3. The roll-off 
at higher frequencies is caused 
by the fact that only reflections 
are measured there. The ‘nor- 
mal’ frequency curve, mea- 
sured with the speaker lying 
down and radiating into the 
direction of the test micro- 
phone, is shown in Figure 4. 


ENCLOSURES 
The enclosures of all three 
speakers are very easily con- 
structed. Each consists of six 
rectangular pieces of medium 
density chipboard, which 
many Dry retailers will saw to 
size for you. The boards are 
glued together with the aid of 
suitable clamps. The construc- 
tion diagrams are given in Fig- 
ure 5. The drive units may be 
protected by grilles or covers. 
Apart from those of the 
apertures for the drive units, 
taking into account the grilles 
or covers, the dimensions of 
the enclosures are not sacro- 


sanct. 
The rear of each enclosure 
should have holes for the ter- 
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PARTS LIST 


CENTER 80 
Cross-over filter: 
Ry = 47Q;/5W 


py 
C; = 6.8 pF, 35 V, bipolar or 


LA 


polystyrene 

Cp = 2.2 LF, 35 V, bipolar or 

tyrene 

L, = 0.3 mH aircored inductor 
wound from 0.6 mm dia. 
enamelled copper wire 

Lp ='0.8 mH air-cored inductor, 
wound from 1 mm dia. 
enamelled copper wire. 


Drive units: 

Ls;, Lso = 8 @ magnetically shielded 
wideband unit Type SC8 (Visaton) 

Ls3 = 8 Q magnetically shielded 
polycarbonate dome tweeter Type 
SC5 {Visaton) 


Chipboard 
(10 mm thick medium density) 


2 sheets 85x220 mm (fore and aft) 

2 sheets 200x240 mm (sides) 

2 sheets 685x200 mm {top and bot- 
tom) 

Damping material 

Front grille for Center 80 (Visaton) 

Loudspeaker terminal 


Errect 80 (two required) 

Drive unit 

Ls; = 8 Q full-range driver Type 
FRSB (Visaton) 


Chipboard 
(100 mm thick medium density) 
minals. Some constructors may find it Figure 5. Construction 
more convenient to cut these holes be- _ diagram of the enclo- 2 sheets 105x200 mm (sides) 
fore the enclosure is glued together. sures for the Center 80 2 sheets 85x200 mm (sides) 
Make sure to keep the cross-over and the Effekt ; 2 sheets 85x85 mm (top and bot- 
filter as compact as possible, because fet tom) 
Damping material 
there is not much room in the central Front grille for Effect 80 (Visaton) 
, odie Loudspeaker terminal 
speaker box. 
VISATON A 15mm hole may be cut in one of 
Although Visaton is located in Ger- the sides of the back speakers. This 
many, the firm is an associate hole is covered at the inside of the en- individual taste. 
member of the American Audio En- closure by a small piece of chipboard When all that is done, the boxes can 
gineering Society (AES). glued in place. This provides a conve- be wired up and the terminals and 
The company has recently pub- nient way of hanging the speakers drive units screwed into place. Each 
lished a new colour catalogue, from a wall (with the drive unit point- enclosure should then be filled with a 
which is brimful of drive units and ing to the ceiling). suitable damping material, such as 
all sorts of accessory. All parts for The enclosures may be finished to polyester wool. 950102} 


the speakers described in this ar- 
ticle are available from them: drive 
units, all components for the cross- 
over filter (or fully constructed filter 
board), grilles and covers. Com- 
plete construction kits are also 
available, as are fully constructed 
speakers in beautifully finished en- 
closures, 

The address is 

VISATON 

Peter Schukat 

Postfach 1652 

D-42760 Haan 


Germany 
I Telephone 0049 2129 552-0 
Fax 0049 2129 55210 
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Two high-level integration cir- 
cuits, the AD606 from Analog 
Devices and the MAX138CPL 
from Maxim, enable an accu- 
rate, wideband voltage and 
power meter to be built using a 
minimum of components. The 
instrument described here of- 
fers a 3.5-digit LCD readout 
and a bandwidth of 50 MHz. 
The input level range is quite 
large at - 80 to +10 dBm ata 
resolution of 0.1 dB. The input 
impedance is 50 Q. 

The input signal is d.c. de- 
coupled by C1 before it arrives 
on a 50-Q termination, R1-R2. 
Next, the signal appears across 


the INy, and IN; inputs of 
the AD606, a 50-MHz 80-dB 
Demodulating Logarithmic Am- 
plifier with Limiter Output (says 
Analog Devices). This chip uses 
a 9-stage successive detection 
technique, and provides both 
logarithmic and linear outputs. 
Because we are after a decibel 
scale, only the WLOG output is 
used in this application. The log 
output is from an on-chip 
three-pole post-demodulation 
low-pass filter, and provides a 
loadable output voltage of 
+0.1 V to +4 V. The logarith- 
mic scaling is such that the out- 
put is at +0.5 V for a sinusoidal 
input of —75dBm, and at 
+3.5-V at an input of +5 dBm 
(note: 0 dBm equals 1 mW into 
50 Q), Over this range, the log- 


50-MHz decibel- 


milliwatt (dBm) met 


arithmic linearity is typically 
within +5 dB. All scaling para- 
meters are proportional to the 
supply voltage. 

The VLOG signal of the 
AD606 is fed through a level 
converter, R4-R5-R6 before it 
is applied to the input of the A- 
to-D converter contained in the 
MAXI38CPL. The 
MAXI38CPL is used in its 
standard application circuit as a 
3.5-digit voltmeter/LCD driver. 
The chip is largely the same as 
the ubiquitous ICL7106, but 
sports an internal negative volt- 


here. 

Lbs 

LCD is fit 
ted at the 


track side of the 


sv@) 


Ri 


eso. that 
™ you can sec 
pe the digits on the 
hackplane — this will tell 


, you how to mount the compo- 


nent on the board, 
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Ic2 
MAX138CPL 
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age generator, The [CL7106 
may not be used in this circuit. 

The instrument is con- 
structed using the double-sided 
printed-circuit board shown 


»® & 


board. If you are unsure about 
its orientation of the LCD, re- 
move the protective foil from 
the face, and hold the unit 
under a lamp. Turn the display 


Build up the board, but do 
not fit [C1 and [C2 yet. Check 
the supply voltage at a number 
of relevant points, this should 
be about 5 V. Switch off, then 
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COMPONENTS LIST 


Resistors: 

Ri,R2 = 1002 

RS = 2200 

R4,.R5 = 54k09 1% 

R6 = 1IMQ 1% 
R7,RA8,R11,R12 = 100kQ 
RY = 220kQ 

R10 = 180kQ 

R13 = 2702 

R14 = 820Q 

Pi = 10kQ preset 10-turn 
P2 = 5kQ preset 10-turn 


Capacitors: 
C1,C4,C6,C8 = 100nF 
C2,C3 = 220pF 

C5 = 150pF 

C7,010 = 1nF 

09,013 = 1yF 63V radial 


C11 = 47nF 5mm 

C12 = 100nF 5mm 
015 = 10uF 63V radial 
C14 & 100uF 25V radial 


Semiconductors: 

T1 = BC547B 

IC2 = MAX138CPL (Maxim, 
KONING EN HARTMAN) 

IC3. = LM317T 

IO1 = AD606 (Analog De- 
vices, TEXIM) 


Miscellaneous: 

LOD1 = 3.6-digit LCD, 
LOD3,5 (TEXIM} 

8 solder pins 

Case, 112x62x30mm e.g.. 
Hammond 1590B 

Printed ciroult board, order 
code 964039-1 


mount the MAX138. The cur- 
rent consumption should rise to 
about 6mA, and the LCD 
should light up. Adjust multi- 
turn preset PI for a voltage of 
100 mV between pins 35 and 36 
of the MAX138. Next. adjust 
P2 until the voltage difference 
between the inputs (pins 30 and 
31 is 80 mV. The display should 


This miniature circuit consists of 
only three components and is 
very useful to rapidly test a car 
fuse without having to remove 
this from its holder. It concerns 
two anti-parallel connected LEDs 
with a common | kQ series re- 
sistor. The circuit which the fuse 
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then indicate a negative valuc. 
Switch off. then mount the 
AD606. The current consump- 
tion should rise to about 
20 mA. Apply an unmodulated 
signal with a frequency between 
20 and 30 MHz, and a level of 
about - 35 dBm. Carefully ad- 
just P2 until the correct level is 
displayed on the LCD. Check 
the indicated value at other 
dBm levels. If necessary, make 
small corrections to the sensi- 
tivity by tweaking PI. It may 
also be necessary to repeat the 
entire adjustment procedure for 
P2 and PI a number of times. 
Because of it high sensitivity 
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and bandwidth, the entire cir- 
cuit should be mounted into a 
metal case. As regards the 
power supply, go for a battery 
as that will ensure the highest 
immunity against noise. The 
input socket should be a BNC 
type (flange or single-hole 
mounting) which is connected 
to the input pins on the board 
using the shortest possible 
wires, or a length of thin coax 
cable (e.g., RG174/U). 

The (optional) limiter out- 
put may be used to drive a fre- 
quency meter, Be sure to kcep 
this instrument as far away as 
possible from the dBm meter, 


car fuse tester 


964022-11 


protects must have its supply 
(12 V) on. When the tester ts 
connected in parallel with the 
fuse. one of the LEDs will light if 
the fuse is defect. When both 
LEDs remain out with the supply 
voltage on, the fuse is all right. 
Because of the anti-parallel 


67 


however, to reduce any likeli- 
hood of digital interference. A 
test pin is available on the 
board to measure the VLOG 
output signal of the AD606. 
This may be necessary for cali- 
bration or adjustment purposes, 

The results of measure- 
ments performed across the 
available frequency range are 
shown in the frequency re- 
sponse graph. The vertical scale 
shows the dBm level indicated 
by the instrument. 

The indicated test voltages 
are applicable with no input sig- 
nal applied to the circuit. 

[11 C. Weddig - 964139] 


connection of D; and D5, the 
tester is not polarized, so that it 
does not matter in which way it 
shunts the fuse. 

JA. Rietjens - 964922] 
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This article shows that not all 
frequency meters need to be 
complex and expensive. With 
the aid of some standard logic 
it is possible to determine the 
frequency of digital signals. The 
counter makes use of two 
3-digit BCD counters that have a 
multiplexed output with buffer 
memory and a reset input. The 
multiplexed output signal is 
converted by an integrated 
BCD-to-7-segment-converter and 
then applied to an LED display. 

The necessary clock signal is 
generated by a crystal of 
4.194304 MHz and a counter 
that divides the signal by 223, 


frequency meter 


The result is a stable digital sig- 
nal with a frequency of 0.5 Hz. 
The time during which the 
clock signal is high, and mea- 
surements can take place, is ex- 
actly 1 s. Owing to this arrange- 
ment, a new measuring value is 
displayed every 2s. 

If the meter is used to mea- 
sure frequency, the internal 
clock signal at pin 3 of K; must 
be linked to pin 2 of K). Gate 
IC3q then operates as a lock: 
every time the clock is high the 
measurand at pin | of K; is ap- 
plied to the clock input of IC). 
This circuit is connected in se- 
ries with IC) to form a 6-digit 


counter. 

At the end of the measure- 
ment, a latch pulse is generated 
at the output of 1C,, with the 
aid of Ryg and C3. After this 
signal has been inverted in 
ICx,, it is applied to the latch 
input of IC) and IC3, At he 
command of this signal, the cur- 
rent counter state is stored in 
the buffer memory. At the end 
of the latch pulse, network 
Rjy-Co-ICy, generates a reset 
pulse with which the counter is 
reset. 

In the circuit as shown, the 
counter may be used for signals 
with frequencies from | Hz to 


1 MHz. If higher frequencies 
are envisaged, the measure- 
ment time must be adapted ac- 
cordingly. There are limits to 
this, though: with a supply volt- 
age of 5 V, the 4553 may be 
used for frequencies up to 
15 MHz, with 7 VY up to 
5 MHz: and with 15 V up to 
7 MHz. Still higher frequencies 
require the use of a prescaler. 
The current drawn by the 
circuit as shown does not ex- 
ceed 50 mA, which makes a 
battery supply feasible. 
(A. Kuyper - 464024] 


X1 = 4,194304MHz 
X1 = 4,.194304MHz 


IC3 = 4093 { c7 
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Many people have a computer 
just to play games on—and why 
not? The pc is eminently suit- 
able for this type of recreation. 
Playing games becomes re- 
ally interesting only when a joy- 
stick is used. Many 1/0 cards and 
sound cards have a standard pro- 
vision of a 15-way connection for 
two joysticks. 
Unfortunately, many programs 
use the connections for only onc 
joystick. Since often several kinds 
of joystick are used (especially 
modern flight simulators have 
provision for very advanced, spe- 
clalized joysticks), it is frequently 
necessary to change over con- 
nectors. As the joystick connec- 


joystick change-over 


tors are invariably found at the 
back of the computer, this can be 
a tedious operation. Morcover, 
in the long term, it does not do 
the connectors any good, 

The present circuit replaces 
this changing over of connec- 
tors by a simple push on a but- 
ton. In this way, two joysticks 
may be connected to the com- 
puter in a simple and _ uscr- 
friendly way. 

The circuit is so simple that a 
description of it is almost 
superfluous. An 8-pole 
switch arranges the inter- 
connection of control sig- 
nals X and y, and fire but- 
ton | and fire button 2. 


The dual complementary pair 
of switching FETs and inverter 
contained in a Type CD4007 
CMOs Ic enable an LED flasher 
to be made that uses very lit- 
tle energy. 

The tc is arranged as a 
three-inverter-oscillator. 
Resistors Ry and Rs in serics 


with the drains of one pair of 


FETs ensure that the drive 
current for the following pair 
of FETs is tiny, The high-time 
of the oscillator is determined 
by network R3-C), and its 
low-time by Ry-C; (D, is then 
cut off so that R; is inactive). 
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The LED is provided with 
current during the high-time 
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Construction of the circuit is 
made even simpler it it is done 
on the ecB shown (unfortu- 


COMPONENTS LIST 
K, = 15-way, right-angled sub-D connector, male, for board 

mounting 
Ko, Ky = 15-way sub-D connector, female, for board mounting 


S$; ead 8-pole 
Schadow Type BO8-ANAP 


nately not available ready 
made), JL. Lemmens - 954038] 


switoh with lock, pitch 4/6 mm OT 


Enclosure 141x57x24 mm sinsiibieus tein 16 in) (e.g. Heddic 


Type 2228) 


964058-1T 


of the oscillator by T;. The 
level of this current is deter- 
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mined by Rg. 
The values of R>, Ry. and 


C, effect an LED off-time of 


Is and an on-time of I ms, 
Since the — high-efficiency 


diode draws a current of 


30 mA, its lighting will be 
clearly visible. 

A standard 9 V_ battery 
will give continuous operation 
for about three years. This 
life span can be prolonged by 
increasing the value of Rg (up 
to 1 kQ). The diode does not 
light so brightly then, how- 
ever. 

[A. Rietjens - 964053} 
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precision 


battery capacity tester 


P1 for the desired discharging 
current, for example, 1A. 
Don't forget to link the termi- 
nals of K2 if you do not use an 
ammeter. The deep discharging 
voltage (at which the discharg- 
ing process should stop) may be 
measured at K1 (‘T’), and ad- 
justed with P2. The range of 
this voltage is 0 V to about 
12 V, allowing “YW” PP3 style 
NiCd batteries to be tested also 
(actually, these are 8.4-V types). 

The discharging current has 
a range from a few milliamps to 
about 1.5 A. At the end of the 
discharging process, when the 
deep discharging voltage is 
reached, the battery and the 
clock are disconnected from the 
respective load/supply by the 


This circuit allows you to accu- 
ratcly measure the capacity of a 
rechargeable battery by  dis- 
charging it at a constant current 
until the deep discharging volt- 
age is reached. The time that 
has elapsed since starting the 
discharging operation then in- 
dicates the capacity of the bat- 
tery under test. The capacity 
‘read-out’ is an inexpensive 1.5- 
V quartz clock connected to 
K4. The circuit is powered by a 
12-V supply which should be 
stable because it acts as a refer- 
ence for the current sink and 
the battery switch-olf control. 
The circuit is simple to op- 
erate. First, the clock is sct to 
12,00h. The battery to be tested 
is then connected to K3 
( BATT’), and an ammeter, to 
K2 (A). Next, the circuit is 
started by pressing SI, Adjust 


1C1 = LM358 
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(D> ov...10v (> tava 
«> 1OV5I0V 


contacts of Rel. The battery ca- 
pacity is computed by multiply- 
ing the time that has elapsed 
since starting the circuit by the 
discharging current. 

The current source built 
around opamp IC1b and power 
MOSFET TI adjusts itself for a 
voltage drop across the source 
resistance (R8-R17) which ts 
equal to the voltage at the non- 
inverting input. The value of 
the current sink resistors may 
have to be changed to your per- 
sonal requirements. Assuming 
that PI supplies about 0.45 V 
when set to mid-travel, these re- 
sistors also drop 0.45 V. If you 
require a discharging current of 
1 A at this setting of the pot, 
the equivalent value should be 


(F}> ovrriov 
ov.,.0v9 (Ge ovos/12v 
(H> v4 
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AS 


COMPONENTS LIST 


Ri = 120kKQ> 

R2-R5 = 100ka 

R6 = 10kQ 

RAZ = 2kO2 

RB-R17 = 3.3Q (See text) 
P1 = 10kQ '10-turn cermet or 
P2 = 100k 10-turn cermet 
or single-turn potentiometer 


* 


Semiconductors: 
D1-D4 =.1N4148 
T1 = BUZI1 

Te = BC547B 
IC1 = LM358 


0.45 Q (0.45V/1A). In practice, 
you then use ten 4.7-Q resistors 
in positions R8-R17. Depend- 
ing on battery voltage and the 


This circuit enables a model 
train to shuttle continuously be- 
tween two tracks. When the 
train travels from left to right 
across the track in the lower 
part of the diagram, the lower 
rail D is connected to the posi- 
tive supply line. After it has 
passed diode D,, the train will 
stop. Since the locomotive 
short-circuits the diode when it 
passes the break in the rail, a 
short positive pulse is generated 
on rail section B. 

The pulse is used to set 
bistable IC), whereupon D3 
goes out and capacitor C3 is 
being charged. When the po- 
tential across the capacitor rises 
to a sufficiently high level, tran- 
sistor T, switches on, where- 
upon the relay is energized. 
This causes the polarity of rails 
cand b to be reversed. Diode 
D,, is then on, so that the train 
departs in the direction of a. 

Rail c is then connected to 
the positive supply rail, so that 
when the train passes diode 
D,. a positive pulse is gener- 
ated on rail section A. This 
pulse is used to reset the 
bistable, whereupon the LED 
lights and the relay is deener- 
gized, 

After the relay contacts 
have reversed the polarity of c 
and bp again, diode D, comes 
on and the train departs again 
in the direction of B. 

Circuit [(C; may be a CMos 
type from the 4000 series such 
as the 4001. Advantages of the 
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G1,C2 = 1pF 63V radial 
C3,C4 = 10nF 68V radial 


KI-KS = 2-pin PCB terminal. 


- Heatsink (see text) 
- Printed circuit board, order 


1C2 = 7812> 


code 964040-1 (see Read- 
ers. Services page) 


discharging current you have in 
mind, Tl may dissipate a con- 
siderable amount of heat. The 
transistor may have to be fitted 


off the board, on a properly di- 
mensioned heatsink, and con- 
nected with short wires. A dissi- 
pation of up to 5 watts requires 
a heatsink with a thermal resis- 
tance spec of 1OK/W. while a 
2.5K‘W type is needed if the 
dissipation can be expected to 
rise to about 20 watts. Above 
that value, use the largest 
heatsink you can get and keep 
your fingers crossed or, in any 
case, away from the heatsink. 
The voltage monitor is also 
built around an opamp, ICa. 
When the measured battery 
voltage drops below the thres- 
hold set with P2, transistor T2 is 
switched off, and the relay is 
de-energized. The non-invert- 
ing input of ICI] is then held 
low via the ammeter, Tl and 
R&8-R17. Because T] then con- 


shuttle track 


4001 compared with a TTL type 
are that sensitivity to interfer- 
ence is smaller and the current 
drain is lower. The disadyan- 
tage is, however, that the out- 
put current is much smaller. A 
4001 can provide at most a few 
mA, which means that the LeD 
must be a high-efficiency type 
and the value of Rs must be 
increased to 2.7 kQ. 

The relay may be any type 


Op 
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ducts hard. the opamp will not 
be able to switch on the relay 
when the battery voltage rises 
above the threshold again. The 
1.4-V supply voltage for the 
clock is derived from two series- 
connected silicon diodes, D2 
and D3. 

It is normal for the relay to 
come on when only the power 
supply is connected. The circuit 
should function as described 
once a battery is connected to 
K3. 

The current drain from the 
12-V supply amounts to about 
11 mA plus about 25 mA for 
the relay. The 10-turn presets 
may be replaced by ordinary 
potentiometers connected to 
the relevant PCB points with 
short wires. 


(D. Gronholz - 964040) 


with a coil rating of 12-18 V. If 
the relay docs not pull well, 
measure the voltage at the col- 
lector-emitter junction of T). 
If this is higher than | V, it is 
advisable to use a darlington 
transistor, such as the BCS17. 

The inputs are fairly low 
impedance. If IC, is an HC or 
LS version, the values of R}-R> 
and R3 may be increased to 
1.2 kQ and 1 kQ respectively. 
If a CMOs-IC is used, those val- 
ues may be increased even fur- 
ther, This reduces the sensitiv- 
ity to interference and allows 
the values of C; and C, to be 
reduced accordingly (which 
makes the capacitors less ex- 
pensive). 

The current drain of the 
circuit is determined primarily 
by the relay and will be about 
50 mA. 
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Based ona 
Linear Technology application 


If you try to attenuate a video 
signal, there is a point at which 
the picture becomes unstable 
rather than weaker. This hap- 
pens because the sync pulse are 
attenuated also, and the mont- 
tor’s internal picture timing cir- 
cuits go into free-running 
mode, being unable to detect a 
valid input signal. This problem 
may be solved by applying a 
separate syne signal and atten- 
uating the video component 
only. However, separate sync is 
a feature found on professional 
video mixing desks only. Here’s 
a low-cost alternative. The cir- 


COMPONENTS LIST 
Resistors: 

Ri,A9 = 680 

A2,R13 = 22kQ 

A3,R5 = 2200 : 

R4,R10,R11 = 10kQ 

R6,R7,RB = 1kOQ5 

R12 = 33k 

R14,R15 = 4kQ7 

Ri6 = 4700 

Pi = 5kQ preset H 

P2 = 10kQ preset H or po- 
tentiometer 


Capacitors: # 

01,03,05,C9,C10 = 100nF 

C2,04,C6,C7,C8 = 10uF 
68V radial 


Semiconductors: 

D1 = zener diode 2V4 
400mW. 

D2,D3 = BAT82 

D4 = zener diode 10V 
400mWw 

D5-D9 = 1N4148 

IC1. = LT1251CN (Linear 
Technology) 

IC2 = LT1360 or AD847JN 

»1C3-= 40106 
IG4 = 7815 
1C5 = 7915 


Miscellaneous: 

Printed circuit board, order 
code 964076-1 (see Read- 
ers Services page) 


video fader 
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cuit shown here does an ade- 
quate job at a modest invest- 
ment, allowing you to fade a 
video signal virtually down to 
the black level without losing 
syne on the monitor. 

The syne pulses are ex- 
tracted from the composite 
video (CVBS) signal) by opamp 
1C2 and its surrounding com- 
ponents. Components C2, R11 
and D2 form a video clamping 
circuit. Diode D3 provides a 
bias at the +input of [C2. Be- 
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cause of the rectifying action of 
D2, the opamp only amplifies 
the negative part of the CVBS 
signal. The clamping circuit in 
the feedback path of the 
ADS847 (D4-D8) prevents the 
opamp from going into satura- 
tion. The amplified syne signal 
is digitized by a diode, D9, and 
a Schmitt-trigger gate, 1C3d, 
before it is applied to the 
+input of one of the two fast 
opamps contained in the video 


A particular difficulty with 
LED bar displays is the high 
current drain. In the diagram, 
LED driver LM3914 controls a 
chain of LEDs instead of as 
usual a number of parallel- 
connected LEDs, This means 
that in principle only a single 
diode current is needed to 
make several Leps light. The 
cost of this is, of course, a 
higher supply voltage, since 
account must be taken of a 
number of diode forward 
voltages. The economizing 
effect is strengthened if high- 
efficiency LEDs are used. In 
the diagram, the current 
drain of about 15 mA is less 
than half that of the standard 
application (32 mA). Instead 
of the specified LM3914, the 
Type UAALS80 may also be 
used. 

The LM3914 is program- 
med for a reference voltage 
of 12 V at REFOUT, pin 7. This 
reference voltage is reduced 
by differential amplifier [C, 
by the input potential of 
0-10 V. This means that the 
input to IC) is an inverted sig- 
nal of 2-12 V. 

The reason for an inverted 
signal is that the comparator 
chain is active low, that is. an 
output becomes high when 
the input voltage at pin 5 is 
lower than the reference 
potential. When that hap- 
pens, the L.ED goes out, since 
the anodes of all LEDs in the 
original application are con- 
nected to the +ve supply line. 

In the present circuit, 
however, the LEDs are in 
series. The current (at a level 
of about 2 mA) is provided by 
a constant-current source. 
This current flows through 
the entire chain of LEDs, 
except those whose anode is 
linked to an active low out- 
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fader IC, an LT1251. The syne 
level is set to the optimum level 
with the aid of preset P1. 

The LT1251 uses a preset 
(or an external potentiometer), 
P2, to determine the Icvel ratio 
between the syne channel and 
the video channel. The contro! 
voltage for the fader is derived 
from a reference voltage cre- 
ated by zener diode D1. Ca- 
pacitor Cl suppresses noise 
which may be picked up by 


wires if an external fade control 
(slide potentiometer) is used. 
The mixed output signal is 
available at pin8 (d.c. cou- 
pled), at an impedance of 
about 75 Q. Current consump- 
tion of the circuit is less than 
30 mA. The indicated test volt- 
ages are applicable with no 
input signal applied to the cir- 
cuit. 

One disadvantage of the 
circuit should not be left un- 


mentioned, The fader also re- 
duces the level of the colour 
burst. Consequently, the pic- 
ture may go black and white 
just before the black level is 
reached. Fortunately, that will 
be a minor drawback for most 
hobby applications, 

[964076] 


Source. Linear fechnatogy Chronicle, 
April 1995 


economical ten bar display 


put. There, the current flows 
into the ic. Thus, some LEDs 
light, others do not. This is, 
however, only possible when 
the input signal is previously 
inverted. At the lowest input 
level (0 V), the signal input of 
the Ic is at 12 V. The refer- 
ence voltage of even the most 
significant comparator is then 
excecded. Its output (pin 10) 
is then low, so that no LED 
lights, At the other extreme, 
that is, input voltage of 12 V, 
the SIGIN potential is 2 V. so 
that even the least significant 
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A=6V D = 12-2V 
B=12V E = 14v4 
C=10V75 F = 13V8 


COMPARATOR 
1 OF 10 


Ic2 
LM3914 


REFERENCE 
VOLTAGE 
SOURCE 


comparator does not change 
state (go low). 

The current from the cur- 
rent source flows through the 
LEDS to earth. Note, however, 
that the LED chain has been 
split into two current paths, 
so that the overall current 
drain is about 2 mA higher. 
The necessary supply voltage 
is. however, limited: depend- 
ing on their colour and type, 
ten LEDs (for mobile applica- 
tions) drop an impractical 
25 V 


964030-11 


Resistors Rs and Rg, are 
extensions of the on-chip volt- 
age divider and both drop 
exactly | V. Consequently, the 
threshold of the first com- 
parator is 2 V and that of the 
last. 11 V. The reference yolt- 
age must be a little higher 
than the maximum input volt- 
age. In the present circuit, 
15 V has been found satisfac- 
tory. To calibrate, adjust P; so 
that the potential at pin 7 of 
IC3 is exactly 12 V. 

[V. Baurer - 964030) 
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Designs that produce 
sound or light ef- 
fects are always 
sure to appeal 
to a large audi- 
ence. That 
is not sur- . 
prising in it- 
self, be- 
cause that 
type of circuit 
seems to 
negate the ‘high 
brow’ and sometimes 
even downright 
boring image of elec- 
tronics to a certain 
extent. Well, you 
won't be bored with 
this circuit, because it 
shows a quite playful 
side of the hobby. 


The purpose of a sound-to-light unit is 
to support music in discos and the like 
with light effects. This is achieved with 
lamps, spotlights and sometimes even 
floodlights having different colours. Both 
the relative frequency and the volume 
of the components that make up the 
music signal are parameters which are 
used to control the colour and the in- 
_ tensity of the lighting. If a sound-to-light 
“unit works properly, the effect is a har- 
-monious coupling of sound and light. 


Design by K. Walraven 
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SIMPLE 
DESIGN 


The circuit we have in mind has an 
excellent price/performance ratio. In 
other words, although based on a rel- 
atively simple design, the sound-to- 
light unit produces wonderful effects 
at a modest investment. 

The block diagram is shown in Fig- 
ure 1. The unit has three channels. The 
frequency spectrum of the music sig- 
nal is, therefore, split into three ranges, 
each of which is responsible for the 
control of one lamp, or one group of 
lamps. In practice, it is sufficient to 
have three channels. We know, five or 
six channels may be even more fun, 
but the extra effects you get are only 
obtained at an investment which is out 
of proportion because of the parts that 
go into additional filters. 

The block diagram shows that the 
input signal first arrives at an ad- 
justable input amplifier. This serves to 
‘crank up’ the signal to a higher level, 
so that it can be used by the rest of the 
circuit, and also to prevent overloading 
the input. Overloading presents a risk 
because it generates harmonics which 
could upset the operation of the circuit. 

The amplified signal is applied to 
three filters: a low-pass, a band-pass 
and a high-pass type. These divide the 


frequency 
spectrum — of 
the applied sig- 
nal into low, mid- 
dle and high com- 
ponents. The respec- 
tive filter — roll-off 
frequencies are 250 Hz, 700 Hz and 
4,500 Hz. The three channels are 
processed separately to produce control 
signals for a lamp, or a lamp group. The 
switching of the lamps is done with the 
aid of three triacs.The filtered signals, 
low, middle and high, are applied to 
the — inputs of three comparators. 

In order to make the lamp channels 
sensitive to volume variations, the cir- 
cuit is extended with the upper two 
blocks in the diagram. The mains volt- 
age is first rectified to give a pulsating 
100-Hz signal, which is subsequently 
converted into a mains-synchronous 
sawtooth. The sawtooth voltage peaks 
occur just after the zero-crossing of the 
mains voltage. As shown by the block 
diagram, the sawtooth is applied to all 
three positive comparator inputs. 

A triac is an electronic switch which 
starts to conduct when a firing pulse is 
applied to the gate. It switches off 
again when the voltage to be switched 
is nought, in other words, on every 
zero-crossing of the alternating volt- 
age. Consequently, to keep conducting, 
a triac requires new gate pulses all the 
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time. If you want such an electronic 
switch to be closed for the largest pos- 
sible part of the each half cycle of the 
alternating voltage, then the gate 
pulses should be applied as quickly as 
possible after the zero-crossing. When 
the gate pulse occurs some time after 
the zero-crossing (in other words, close 
to the next zero-crossing), the triac will 
only conduct during a small part of 
cach period, causing the lamp it con- 
trols to light only dimly. 

This effect is exploited in combina- 
tion with the sawtooth reference. 
When the music signal contains loud 
bass components, for example, the 
‘low’ filter supplies a relatively high 
output level. Consequently, the volt- 
age at the inverting 
input of the relevant 
comparator will exceed 
the level of the saw- 
tooth fairly quickly after 
the zero-crossing. The 
triac is then switched on early, and the 
associated lamp lights at full intensity. 

By contrast, when the music sig- 
nal is relatively small, the instanta- 
neous level of the sawtooth has to 
drop considerably before the com- 
parator is enabled. The triac is then 
triggered much later, and the relevant 
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lamp lights dimly. 

The advantage of the switching 
principle applied here is that a practi- 
cal circuit is within easy reach. Nearly 
every other properly working system 
requires far more parts when it comes 
to translating design ideas into a prac- 
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tical circuit. The disadvantages should 
also be mentioned, however: for one 
thing, the circuit responds exclusively 
to the positive half-cycles of the music 
signal, This disad- 
vantage is, how- 
ever, shared with 
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many other 
sound-to-light 
units, of which 
very few have 
double-phase rec- 
tifiers. Also, the 
system has its 
limitations with 
low frequencies. 
When very low 
bass frequencies 
occur, say, at 50 or 60 Hz, an un- 
favourable timing relation may exist 
between these signals and the saw- 
tooth voltage, causing small variations 
in the triac conduction instant. How- 
ever, as long as the music signal has 
sufficient volume, these limitations are 
hardly noticed, and the sound-to-light 
unit works very well. 


CIRCUIT DESCRIPTION 
The full circuit diagram of the sound- 
to-light unit appears in Figure 2. Even 
a cursory look at the schematic reveals 
the likeness to the block diagram. The 
various blocks are easily identified. 
One of the most essential differences 
between the two diagrams, however, 
is brought about by electrical safety re- 
quirements. We're talking about the 
opto-isolators in the circuit, IC1, IC3, 
IC4 and [C5, which serve to keep the 
dangerous mains voltage away from 
the rest of the circuit. 

At the input of the circuit, the left 
and right signals are summed by R3 
and R9. The resulting signal is fed to 
the input amplifier via coupling ca- 
pacitor C2. The amplifier consists of 
opamp IC2a and power stage T2/TS. 
The two transistors boost the output 
current supplied by the opamp. The 
extra current is welcome because the 
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filters represent a load with a relatively 
low impedance. The gain of the input 
amplifier may be adjusted with the aid 
of preset P1, whose practical merit was 
already mentioned. LED D1 is useful 
as an adjustment aid because it lights 
when a good drive signal is available 
for the rest of the circuit. 

The input amplifier is followed by 
the filters. All three of these contain an 
L/C combination. L1/C3 is the low-pass 
filter, C4/L2 the band-pass filter, and 
C5/L3 the high-pass filter. Resistors 
R10, R11 and R12 ensure that the fil- 
ters are properly terminated. 

Because of their rather simple de- 
sign, the filters are not very ‘steep’. 
However, the roll-off frequencies are 
sufficiently wide apart to ensure an ac- 
ceptable separation between the three 
channels. 

The filtered signals are fed directly 
to the three comparators, IC2b, IC2c 
and IC2d. The sawtooth voltage is ap- 
plied to the other (non-inverting) in- 
puts of the comparators, via presets P2, 
P3 and P4. 

The sawtooth is generated by the 
sub-circuit shown at the top of the cir- 
cuit diagram. It works as follows. The 
mains voltage arriving via connector 
K2 is rectified by D4 through D7 to 
give a pulsating 100-Hz voltage which 
is used to drive opto-isolator ICI. Re- 
sistors R1 and R2 limit the current 
through the LED in the opto-isolator. 
The pulsating direct voltage which 
flows through the LED causes the as- 
sociated phototransistor in IC] to con- 
duct nearly all the time. In fact, the 
transistor is off very briefly during the 
zero-crossing only, The reverse then 
applies to transistor T1. Because the 
base-emitter junction of this device is 


effectively short-circuited when the 
opto-isolator conducts, TI will conduct 
briefly on each zero-crossing, charging 
C1 rapidly to the supply voltage 
(minus some 1.6 V which drops across 
LED D2). As soon as T1 is switched off 
again, Cl is discharged relatively 
slowly via R13 and the three presets, 
P2, P3 and P4. The rapid charging and 
slow discharging cycles create the saw- 
tooth we mentioned earlier. The vari- 
ous component values in this sub-cir- 
cuit have been selected such that the 
sawtooth drops to about half the sup- 
ply voltage in the available time. The 
three presets, P2, P3 and P4, allow the 
level of the sawtooth to be adjusted in- 
dividually for each channel. This cre- 
ates a kind of sensitivity control. 

That nearly completes our descrip- 
tion of the circuit. The electronic 
switches that control the lamps are dri- 
ven directly from the comparator out- 
puts. As already mentioned, the 
switching is not done with ordinary 
triacs, but with opto-triacs (IC3, [C4 
and IC3), which guarantee a perfect 
isolation between the dangerous lamp 
voltage and the comparator outputs. 
Here, type 5201501 modules from 
Sharp are used. Be sure to purchase 
the right type, by the way, because 
there are also versions which switch 
on the zero-crossing only (-S02 and - 
$04). These are not suitable for the pre- 
sent circuit! 

The usual noise suppressor is 
formed by inductor L4 and capacitor 
C6. The latter must be a type with an 
a.c. specification of 250 V (400 or 
600 VDC). If you can find one, an X2- 
class capacitor is preferred in this po- 
sition. X2-class capacitors are especially 
suited to mains applications thanks to 
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Pt Risa 
2P5,P4 = IMA proset 


02,04 = 1uF 63V radial 

C3 = 22uF 16V radial 

: oa = 22nF 

C6 = 100nF 250VAC, clas x2 

: a 68,010 = 10uF 63V grt 
C9 = 470uF 10V radial 


“LNI2L3 = 100mH (Toko) 
14 = 40uH GA tae suppreesor coil 


_ Miscellaneous: 

D1 =.LED, red, low current 
 D2= LED, red 

D8 = 1N4002 

_D4-D7 = 1N4004 

Tt. = BCS559C or BC560C 
72 = BC557B 

13 = BC547B 

-1C1 = ONY6S 

402 = TLOB4 
103,104,105 = $201801 (omer 
ACG = 7809 


Miscellaneous: t 

KK) = mains adaptor socket 

Pe edait i 2-pin PCB terminal 

E Fi = fuse 1A (T) with PCB mount 

| holder 

| Case: Telet LC850 (200x180x80mm) 
Pouble-nole mains. switch, with sthhas 


their flame-retarding properties which, 
among others, cause the capacitor to 
behave like an open circuit rather than 
a short-circuit in the event of internal 
are-over or electrical breakdown. 

The circuit operates from a regu- 
lated 9-V supply voltage supplied by 
an ordinary three-pin voltage regula- 
tor, IC6. The half supply voltage level 
needed by the sawtooth generator is 
simply created by a potential divider, 
R17/R5. The current consumption of 
the electronics is very modest indeed, 
allowing any mains adaptor with a 
current capacity of about 100 mA at 
12 V or so to be used. The adaptor is 
connected to KI (mind the polarity), 
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PRINTED CIRCUIT 
BOARD 

The artwork designed for the printed 
circuit board is shown in Figure 3. The 
board holds the entire circuit shown in 
Figure 2, that is, including the triac 
modules, the noise suppressor and the 
connectors. The PCB is available ready- 
made through our Readers Services. 

Building up the board should not 
present undue difficulties if you follow 
the component mounting plan and 
the parts list. It is recommended to 
build the circuit in steps, as detailed 
below. 

Start with the power supply 
around IC6. Connect the mains adap- 
tor to K1, and check that C8 has about 
OV on it, and C9, 4.5 V. If that is all 
right, proceed with the input stage. 
Having finished that section, connect 
the adaptor again, and apply a music 
signal to the input. If everything works 
all right so far, it should be possible to 
make LED D1 light by adjusting pre- 
set P1. Also check the current con- 
sumption at this stage. You should 
measure about 20 mA. 

Continue with the rest of the cir- 
cuit. Take great care to fit any compo- 
nent with the utmost care and preci- 
sion, as from now on you are building 
the section of the circuit that operates 


at dangerous voltages. This section is, 
roughly speaking, the entire left-hand 
area on the circuit board. 

Having finished the solder work, 
your board should look like our pro- 
totype shown in Figure 4, Okay so far? 
Then connect the mains adaptor to K1 
again, as well as the mains voltage to 
K2, via a properly isolated mains cord. 
Front here on, proceed with the utmost care. 
Use a multimeter to check the voltage 
across Cl. As indicated by Figure 2, 
this should be approximately 5.94 V. 
Those of you who have access to an 
oscilloscope should be able to measure 
a sawtooth at this point whose highest 
level is about 7.5 V, while the lowest 
level is about 4.5 V. Next, the rest of the 
test points indicated in the circuit dia- 
gram may be checked. The indicated 
voltage levels have been recorded with 
a high-impedance digital multimeter 
set to the d.c. range. Your multimeter, 
too, will ensure that any alternating 
voltage which may be superimposed 
on the direct voltage, is levelled out. 


THE ENCLOSURE 

Having verified that the circuit works 
properly, you are ready to fit it in a 
suitable enclosure. Finding one should 
not be too difficult thanks to the mod- 
est size of the printed circuit board. In 
view of electrical safety, however, it is 
essential to use an all-metal case which 
enables the four mains sockets on the 


a 


rear panel to be fitted in a reliable and 
safe manner (see photograph). The 
prototype was fitted in a metal case 
type LC850 from Telet (size approx. 
200 180 X80 mm), which offers plenty 
of space inside. 

The various connections to the 
board are illustrated in Figure 5. A cou- 
ple of remarks about the connections. 
The stereo audio signals are applied 
via a pair of cinch sockets (also known 
as ‘line’ or ‘RCA style’), which must be 
isolated with respect to the metal case, 
and connected to the board via 
screened cables. 

PCB mount terminal block K2 is 
connected to a double-pole mains 
switch with an internal on/off indica- 
tor (neon lamp). The mains switch is 
then connected to the mains socket on 
the rear panel using mains rated cable 
and isolation materials. 

Figure 5 also shows the connection 
of the lamps (or lamp groups) to K3 and 
K4. Tt is recommended to mount three 
mains ‘out’ sockets on the rear panel for 
the lamp cables. These sockets are the 
same as those used on PCs for connect- 
ing the monitor. Don’t forget to link all 
earth terminals on the sockets (includ- 
ing the mains-in socket), and run the 
earth wire to a tag on the metal case. 

Finally, the introductory photo- 
graph shows the built-up prototype of 
the sound-to-light unit. 
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ADJUSTMENT AND USE 


Adjusting the circuit is a piece of cake. 
The sound-to-light unit is switched on, 
the lamps are connected, and a music 
signal is applied to the audio inputs. If 
you haven't done so already, adjust 
preset Pf until LED D1 just lights. 
Next, adjust the filter presets, P2, P3 
and P4, until the lamps respond to the 
music as you want them to. That's all. 
Some of you may wonder why P1 
through P4 are presets rather than po- 
tentiometers. The reason for this 
choice is that modern signal sources 
like CD players and DAT recorders 
supply signal levels which are far more 
constant than, for example, an old- 
fashioned record player. Thanks to the 
constant signal level, a continuously 
variable adjustment is not necessary. 
To close off the story, a remark 
about the maximum power of the 
lamps connected to the circuit. To re- 
main on the safe side, we recommend 
a fuse with a rating of 1 A. That allows 
one 75-watt lamp to be connected to 
each channel. The PCB and the opto- 
triac are, however, capable of handling 
more power. The maximum allowable 
fuse rating is 2 A, allowing lamps with 
a total power of (about) 150 W to be 
switched by each channel. 
(950123) 


Modern equipment _ fre- 
quently uses serial EEPROMS 
to store data that must not be 
lost in case of a supply failure. 
Examples are calibration set- 
tings and programming data 
in TV channels in television 
receivers and recorders. 

Xicor produces — flash 
EPROMS which are inexpen- 
sive, require little energy, and 
are easier to program than 
serial KEPROMS. Models vary 
from a IKx8 bit (X25F008) to 
a 16kx8 bit (X25F128). 

With the circuit shown, it 
is possible to program or read 
such an Ic via the Centronics 
port of a computer, Since the 
serial interface of a flash 
EPROM is identical to that of 
an FEPROM, the two devices 
can communicate with one 
another. This means that the 
present circuit can be used for 
cither device. 

There are two differing 
serial protocols: there are 
types with an 12c bus (the 24 
series), and there are types 
with a 2-wire bus that consist 
of a clock, an input line and 
an output line for the data. 
Together with an earth return 


This monitor is used by the 
author to guard the micro- 
processor in his pc. The tem- 
perature sensor is a resistor, 
Ry, with negative tempcra- 
ture coefficient—xtc. As is 
known, the resistance of such 
a resistor drops when its tem- 
perature rises, 

Resistors Ry and R3 are 
part of a resistance bridge 
whose variable branch con- 
sists of Rj, Ry and P;. The 
metering diagonal is con- 
nected to the inputs of com- 
parator IC3,,. 

The voltage at the invert- 
ing input of IC3,, is set with P, 
to a level that with normal 
temperatures is a little lower 
than that at the non-inverting 
input. When the temperature 
rises, the resistance of Ry 
falls, and this causes the 
potential at the non-inverting 
input to drop below that at 
the inverting input. This 
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line, the latter type thus 
requires four lines. The pre- 
sent circuit is intended for 
this type only, A suitable cir- 
cuit for an Pc bus can be 
found in 305 Circuits (IC 
parallel printer port adaptor’ 
~ circuit 057, p. 85). Also, 


HIGH IMPEDANCE 


there is an ‘I7C inter- 
face for Centronics 
port’ on p. 10 of our 
February 1996 issue. 
The circuit needs 
little comment. The 1c 
is enabled via cs (Chip 
Select). The command 
‘read’ followed by the 
address that needs to 
be read is set on to the 


SI input. For cach data bit a 
leading clock edge needs to 
be generated, whereupon the 
data appear at the So output. 
The interface will work 
correctly at most Centronics 
ports. If during use the logic 


21 22 23 24 25 


high level is a little low, some 
4.7 kQ pull-up resistors may 
be added between the Cen- 
tronics outputs and the posi- 
tive supply line (not so line). 

The manner in which a 
computer can control the 
Centronics port was described 
in ‘Cenrtonics interface’ in 
our April 1996 issue. 

Full information on these 
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Ics is available from Xicor in 
the Usa: telephone O01 408 
943 0655; fax OOL 408 954 
1627 or via the Internet: 
http:Avww.xicor.com. 

|Xivar Appl. « %64lit}] 


temperature monitor 


results in the comparator 
changing state (to low), which 
causes the piczo buzzer to 
sound, 

Strictly speaking, [C), is 
superfluous, but, after all, the 
LM393 is a dual op amp. Its 
outpul is permanently high, 
which, owing to the absence 
of a pull-up resistor (the 
KM393 has open-collector 
outputs), has no effect and 
cannot cause conflicts with 
IC),. 

Care should be taken to 
ensure that the voltage across 
the metering diagonal does 
not drop below 3.5 V to pre- 
vent the common-mode 
dynamic range of the LM393 
being exceeded. 

The ntc may be a 5 kQ or 
a 10 kQ type, since the oper- 
aling range of P, is suffi- 
ciently large. However, it 
must be in good thermal con- 
tact with the heat source. Pre- 


964045-11 


set P) must be set to a posi- 
tion where, after the part or 
device being monitored has 
attained normal operating 
temperature, the buzzer just 
does not sound. 

The buzzer must be a 5 V 


type: a 12 V type will not do. 
The circuit in the quiescent 
state draws a current of only 
2mA but, when the buzzer 
operates, this rises to about 
20 mA. 

{K. Viernickel - 9641145] 
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Although designed as a robust, 
wideband output driver for the 
MAX038-based Function Gen- 
crator described in the June 
1995 issue of Elektor Electron- 
ics, this buffer circuit may be 
used as an Output booster for 
any other function generator 
which has to be extended in 
order to drive several loads. 

The heart of the circuit is a 
video distribution amplifier IC 
from Elantec, the EL2099CT 
(listed by RS Components). 
This interesting device has a 3- 
dB power bandwidth of no less 
than 65 MHz at a gain of x2. 
Here, it is used to drive up to 
four 50-Q loads at a maximum 
signal level in excess of 
10 Vijcak» When used for video 
applications, the EL2099T may 
drive up to six 75-Q loads. 

The gain of the amplifier is 
2 times, unity gain is Not possi- 
ble because of instability prob- 
lems. The bandwidth of the cir- 
cuit shown here is > 10 MHz, 
while the output achieves a 
drive margin of >10V oa. Cur- 
remnt consumption will be of 
the order of 200 mA. 

To allow for the dissipation, 
the 50-Q2 matching resistance on 


This circuit shows how a regu- 
lar 4-bit binary counter may be 
extended with an up/down 
function just by adding four 
XOR (exclusive-OR) gates. 
The principle is simple: the 
level at the commoned inputs 
of the XOR gates determines 
whether the gates invert the 
counter’s Q4-Op output levels 
or not. In this way, the outputs 
of the XOR gates can be made 
to cycle from 1111 down to 
0000 instead of 0000 to 1111. 
The disadvantage of this er- 
Satz circuit over a real up/down 
counter is the jump which oc- 
curs when the level on the U/D 
control input is changed. The 
sum of the ‘old’ state and the 
‘new’ state is always 15, For ex- 
ample. if the counter is at state 
‘3’ in count-up mode, the state 
becomes ‘12’ when the U/D 
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each output is formed by four 
parallel connected 200-Q resis- 
tors. The 1% MRS25-scries re- 
sistors used here have a maxi- 
mum dissipation of 0.6 watt 
each. These resistors are sup- 
plied by Philips Components. 


RB...R23 = 


The input impedance is 
matched to 50Q is a similar 
way by four parallel resistors. 
These may be omitted, how- 
ever, if the cable between the 
source and the buffer is rela- 
tively short. 


up/down counter 
with XOR gates 


line is made logic high to initi- 
ate down counting. 
[11, Bonekamp - 964043] 
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Resistor R6 and diodes D1 
and D2 form a protection cir- 
cuit. Depending on the antici- 
pated degree of overloading, 
the diodes may be replaced by 
higher power types. 


(H. Bonekamp - 964057] 


sv (4) IC2 = 74HC86 
ct c2 6) G3) 
C-) Cc 


Ici ic2 


= |e © @ 


964043 - 11 


oy 


In some applications it may 
be desired. or even essential, 
that the bandwidth of the 
audio signal is limited, but 
that the phase relationship 
with the original signal is 
retained, A surround-sound 
encoder is a good example of 
this, 

The requirement can be 
met by combining the low- 
pass filter with an all-pass sec- 
tion and having the filtered 
signal compared with the sig- 
nal corrected by the all-pass 
network, 

As it happens, the phase 
transfer of a Lst order all-pass 
filter is exactly the same as 
that of a 2nd order critically 
damped network. 

The design of such a com- 
bination is shown in Figure 1, 
In this, the all-pass network is 
based on IC,, and the low- 
pass section on IC). The 
-6dB cut-off point is at 
exactly 1 kHz, and the —3 dB 
roll-off is at 642 Hz. 

The critically damped fil- 
ter may, if desired, be 
replaced by a Butterworth 
type. The value of R, and R» 
is then 11.259 that of C, 
becomes 20 nk, and that of 


The interesting point of this cir- 
cuit is that a D-type bistable is 
used as an inverter. When the 
level at the input changes from 
high to low, the bistable is reset 
and its O-output goes high. 
When the input becomes low, 
the reset is removed and the 
O-output goes low, 

The delay introduced by 
network R,-C; between the 
reset input and the clock input 
makes it possible to trigger the 
bistable at the leading edge of 
the input signal. As an example, 
in the case of a dual D-bistable 


phase correction 
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C5, 10nF. The Butterworth 
filter is compensated at 
exactly the —3 dB point by the 
all-pass filter. A factor 2 or 3 
above and below the -3 dB 
point, the phase shift is not 
more than +10°, 

With a Bessel filter, the 
shift is not more than +5°. 
The cut-off point of the filter 
with respect to that of the all- 
pass network must be lowered 
to 786 Hz. This requires com- 
ponent values as follows: Ry 
= Ry = 12.74kQ; C, = 
14.43 nF; Cz = 10,82 nF 

Figure 2 shows that a 2nd 
order high-pass section can 
be corrected in the same way. 
The only difference is that R3 
and C3 have changed places, 
The high-pass filter may also 
be either a Butterworth or a 
Bessel type. 

Any good op amp may be 
used. The specified TLOS82 is 
only an example. The current 
drawn by this type is about 
4mA, 

In the practical setup take 
care to ensure that the source 
at the input is d.c. coupled, 
otherwise the bias settings of 
IC), and LC, are wrong. 

[ 1. Chesherts « 9640152] 


D-bistable as inverter 


Type 74HCT74, the time 
needed for a clock pulse to be 
accepted after the reset has 
been removed is 5 ns. There- 
fore, an RC network introducing 
a delay of 7.5 ns, gives a rea- 
sonable safety margin. 

The reduced edge gradient 
of the clock pulse does not cre- 
ate any problems since the 


maximum allowed rise time of 


the clock input is 500 ns. 

To obviate asymmetrical 
output signals, it is advisable to 
limit the input frequency to 
about 1 MHz with component 


86 
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values as specified. 

An alternative way of build- 
ing an inverter is the use of a 
Type 74[HC(T)]139 line de- 
coder, which does not require 
any external components. The 
input signal is applied to the 
A-input, whereupon the in- 
verted and non-inverted signals 
may be taken from the x and x 
outputs respectively. 

[A. Rietjens - 4012] 
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The strong point of the recently 
published *surround-sound sub- 
woofer’ is that its frequency re- 
sponse is straight down to 
20 Hz. Such excellence has an- 
other side as well, however. In 
the article mentioned, it was 
achieved by additional amplifi- 
cation of the low tones, rising to 
as much as 10 dB at 20 Hz. This 
means that there is still appre- 
ciable amplification below 
20 Hz; it is only below 10 Hz 
that attenuation begins to 
occur. 

This may result in the loud- 
speaker being overloaded at 
high input signals. This is not 


The upgrade consists of just a 
diode, but, if the internal system 
clock is used, it gives an im- 
provement of some 6 dB in the 
THD+N measured over a band- 
width of 30 kHz. 

The problem that is reme- 
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very likely with standard 
recorded music, where fre- 
quencies below 30 Hz are rare. 
However, with surround-sound 
recordings, frequencies down to 
5 Hz (!) are no exception. If the 
subwoofer is to handle sur- 
round sound, it is, therefore, no 
luxury to add a filter that gives 
additional attenuation below 
20 Hz. 

The present filter does just 
that. [t is a Sth order high-pass 
section that provides | dB at- 
tenuation at 20 Hz, but below 
that the response drops off very 
steeply. The —3 dB point is at 
17.3 Hz, and 13.6 Hz, the atten- 


uation is 10 dB, The response 
curve is shown in Figure 1. 

The circuit of the filter is 
given in Figure 2. Note that it is 
important that C,-Cs are 
within | per cent of one an- 
other, Their individual toler- 
ance is not so important, since 
that merely affects the cut-off 
point. However, mutual devia- 
tions adversely affect the shape 
of the response, which should 
be a Butterworth characteristic 
as specified. 

All resistors are | per cent 
types. Optimum correction is 
obtained if R3, in the sub- 
woofer filter is replaced by a 


wire bridge. 

The present filter draws a 
current of about 2 mA. 

The circuit may be im- 
proved by the use of (expen- 
sive) polypropylene capacitors 
for C1-Cs. 

In principle, the filter may 
be used for other purposes as 
well. As a stereo construction, it 
may, for instance, be interjected 
between a preamplifier and 
power amplifier to safeguard 
standard loudspeakers against 
subsonic signals. 

[T. Giesberts - 96405! | 
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mini audio pac upgrade 


died with the upgrade was al- 
ready known at the time the 
mini audio DAC was published. 
It appeared then that the crys- 
tal oscillator interferes with the 
system clock generated by an 
internal xc oscillator. There- 
fore, an oscillator frequency of 
16 MHz was chosen since this 
has no connection with the 
sampling frequencies. In prac- 
tice, however, it proved not suf- 
ficient. 

It has been found that there 
is only one way of preventing 
this interference and that is by 
disabling the crystal oscillator at 
the moment no crror occurs 
and the signals are processed 
normally. However, during 
Start-up or interrupting the 
input signal, this clock remains 
needed. 

The solution lies in switch- 
ing the oscillator on and off 
with the aid of a diode via the 
buffer for the error LED as 
shown in Figure 1. 
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When the error output of 
the YM3623B is high, the diode 
is reverse-biased and the oscil- 
lator functions normally. When 
the error output goes low, how- 
ever, input XI of the oscillator 
(pin 6) is connected to a con- 
stantly high level via the diode, 
whereupon the oscillator stops. 

The upgrade is simple and 
may be carried out at the com- 
ponent side of the board. The 
diode is soldered between 
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pin 12 of IC; and Rz as shown 
in Figure 2. It is advisable to fit 
the diode as close to Rz as pos- 
sible, so that there is no long 
‘antenna wire’ added to IC). It 
is, however, much neater to 
carry out the modification at 
the track side of the board. 
Then, the cathode of of the 
diode can be soldered directly 
lo pin 6 of [C>. The anode ter- 
minal must be insulated before 
it is soldered into place. 

[T. Giesberts - 9641151] 
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The proposed circuit indicates 
with the aid of two LEDs 
whether or not the input signal 
contains surround data. The cri- 
terion for this is the phase dif- 
ference between the two chan- 
nels: if this Is zero, there is no 
surround data. 

In the circuit diagram, if 
there is a phase difference be- 
tween the two channels, the 
output levels of comparators 
IC), and 1C,,. will differ. These 
outputs are constantly com- 
pared by XOR gate IC),, and, in 
case of a difference, the output 
of the gate will go high. De- 
pending on the output state, the 
red or green half of D, will be 
actuated via gate 1C>4, which ts 
here connected as an inverter, 
In case of a pure surround sig- 
nal, the red half will light 
brightly; in case of a mono sig- 
nal, the green half will. If the 
input is a standard stereo signal, 
the rapid changes in the output 
of IC, will cause the diode to 
appear yellow-orange. 

The circuit is an improved 
version of the design published 
in our January 1995_ issue. 
There are two worthwhile im- 
provements. The first is that the 
comparators are now Type 
OP470. To make sure that the 


Many camcorder enthusiasts 
use their spare battery for 
powering video lights. Many 
such lights give no indication 
when the battery has gone 
flat, so that there is a risk of 
one or more of the battery 
cells reversing polarity. When 
that happens, the battery is a 
total write-off, 

This unhappy circum- 
stance can be avoided by the 
use of the proposed protec- 
tion circuit. When this gets 
switched on, the potential 
across C, is zero, so that Ts is 
cut off, the relay is inactive, 
and the indicator lamp lights. 
As long as the battery voltage 
remains above a certain level, 
T, is on and holds the base of 
T> at earth potential. In this 
state, only a small current Is 
drawn. 

When the battery voltage 
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comparators react satisfactorily 
with small input signals, the off- 
set in the older version had to 


964046-11 


be greater than 15 mV. With 
the OP470, an offset of a few 
mY is sufficient, so that Ry is 
now only | Q, The value of this 


{C1 = OP470 
IC2 = 4030 


resistor is determined by the re- 
quirement that the outputs of 
the comparators must be low 


BV2(6VB) 
400mw 
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(= -7.3 V) in the absence of a 
signal. If this does not happen 
with | Q, the value of R3 may 
be increased by a couple of E12 


Icator 


values. 

The second improvement is 
the addition of D5. This is be- 
cause brightness of the red and 
green halves of the LED used 
here differ from one another 
when the currents through 
them are equal. This results in 
the stereo indication being far 
too red. The additional diode 
acts as a zener for the red half 
and as a normal diode for the 
green half. The best rating for it 
appears to be 6.8 V or 8,2 V. 

The circuit draws a current 
of about 15 mA. 

Inductor L; and capacitors 
Cs and C, have been added to 
prevent IC; affecting the oper- 
ation of the comparators via the 
supply lines. 

A final note. Internally, 
there is a diode limiter between 
the inputs of the comparators 
which clips input signals above 
about | V. If, therefore, input 
signals higher than, say, 70) mV 
are expected, it Is advisable to 
connect a resistor of a few kilo- 
ohms in series with C; and C3, 

[T. Gigsberts - S640l46] 
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is no longer higher than the 
sum of the zener voltage, the 
potential set by divider R3-P), 
and the drop across the base- 
emitter junction of T). this 
transistor is cut off, where- 
upon C, is charged via R3. 

When the potential across 
C, has risen to a value high 
enough for T> to be switched 
on, the relay is energized, and 
its contact disconnects the 
lamp from the battery. Since 
the current drain (<= 70 mA) 
is then determined almost 
entirely by the relay, it is 
essential to remove, or dis- 
connect, the battery from the 
light unit. 

Capacitor C, has a further 
important function: at the 
moment of switch-on, it holds 
T> cut off and short-circuits 
the brief voltage dip caused 
by the starting current peak 
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through the halogen lamp. 
This allows T, to begin to 
conduct gradually. 

The switch-off voltage 
level, set with P,, should be 
about 1 V per battery cell. 

Suitable adaptation of Dj, 
Rj, and Re, allows the circuit 
to be used with batteries with 
different e.m.f., such as those 


Ret = VR23057 60001-4101 


Elektor Electronics 


used in portable tools. 

The rating of D, should be 
about 70% of the switch-off 
potential, At the switch-off 
voltage, the current through 
R, should be about | mA, 
and in that condition, the 
relay must be cnergized. 

[H-R, Tuch - S6dti56] 
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The signal-controlled switch 
actuates or deactuates af. 
equipment, including pream- 
plificrs, power amplifiers, and 
filters. It is particularly useful 
for battery-operated equip- 
ment since, owing to the low 
current drain of 12-14 pA, 
there is no need to switch the 
a.f. equipment off. When the 
switch has not detected any 
a.f. signal for ten seconds, it 
switches off the supply to the 
equipment. 

The circuit is based on a 
Type TLC271 op amp from 
Texas Instruments. This device 
has a BIAS SELECT connection 
(pin 8) at which the current 
drain and the transfer ratio 
can be set. The 1c draws least 
current (about 102A) when it 
is used as a Comparator (pin 8 
at the +ve supply line). 

In the quiescent state, 
both inputs are held at about 
half the supply voltage by 
potential divider Ry—R,. 
However, owing to R that at 
the inverting input is very 
slightly higher than that at the 
other input, This ensures that 
the output of the comparator 
is held low. If there is no volt- 


The rapid charger published 
earlier this year was based on 
the ubiquitous Type U2402B tc. 
The charger was able to fully 
charge four AA batteries in an 
hour and at the same time to 
observe caution as regards the 
useful life of the batteries. 

The only thing that the 
charger really could do with is a 
display of the way the charging 
process is going on. The present 
article puts this right with a 
sample & hold (s&H)circuit 
and a moving coil meter or a 
bvmM module, 

The U2402B charges the 
batteries with 20 s current long 
pulses, alternating with 2.56 s 
intervals. An instant after the 
interval has begun, a 10-ms 
pulse appears at pin 9, which 
may be used for test purposes. 
In the present circuit, this pulse 
is used as a switching signal. 
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age at its gate, T> remains off, 
so that T, is also off. The 
divider and C, form a high- 
pass filter that prevents the 
circuit being actuated by low- 
frequency interference, such 
as mains hum. 

When a low-frequency sig- 
nal at not too high a level is 


(> ov; 11v 
(> ov; tive 
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applied to the inverting input, 
it will also reach the non- 
inverting input, but via high- 
pass section Ry-Cs. Since this 
RC network averages the sig- 
nal, an additional voltage 
resulls between the two 
inputs. When the level of this 
signal exceeds about 65 mV. 


the potential at the non- 
inverting input is lower than 
that at the inverting input 
during negative half cycles, 
which results in the compara- 
tor changing state (output be- 
comes high). Capacitor Cs is 
then charged via Rg, where- 
upon T> is switched on, so 
that a sufficiently high 1,,: 
flows into T,, which is then 
also switched on. When the 
collector current of Ty; 
reaches a value of | A, the 
U_, Is some 0.8 V. 

In the absence of an input 
signal, the output of the com- 
parator gocs low again, 
whereupon Cs is discharged 
via Rj until its potential drops 
below U,,,, whereupon T) is 
cut off. 

The prototype took 10's to 
switch off the controlled 
equipment, but this time span 
can vary widely owing to the 
high tolerances between indi- 
vidual FETs, 

If the load currents are 
regularly larger than | A, it is 
advisable to use a higher-rat- 
ing darling transistor so as to 
keep the dissipation low. 

[O. Aucrswelel - 4428 | 
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After about one second, this 
signal arranges for the instanta- 
neous battery voltage, U,, to be 
applied to the meter via S&H 
circuit [C).-C3 and buffer IC. 
That is, the voltage is displayed 
during the intervals between 
two charging pulses. 

The delay time and the sam- 
ple time are arranged by two 
CMOS switches, IC), and IC),,. 
The fourth part of the device, 
ICjg, arranges an LED to light 
during the measurement pe- 
riod. 

The more important signals 
are shown in the timing dia- 
gram in Figure 2. In this, U’, is 
the pulse present at pin 9 of the 
U2402B at the onset of the in- 
terval; /,, portrays the interrup- 
lions in the charging current 
pulses; and U\. is the signal ap- 
plied to buffer [C5 by the s&H. 

The time interval between 
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CH 


the appearing of the pulse at 
pin 9 and the actuating of the 
S&H switch is determined by 
the time constant R5-C,. The 
measurement period is deter- 
mined by time constant R5-C>. 

JH. Bonekatnp - 94042] 
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There are inexpensive strobo- 
scopes on the market that can 
be screwed directly into an 
E27 socket. Such devices 
already have the circuit to the 
right of mains transformer Tr, 
in the diagram. To enable the 
stroboscope to be operated 
from 12 Y, a 12-240 V con- 
verter needs to be fitted 
inside the housing. 

The circuit of the con- 
verter is simplicity itself. 
Diode D, is a polarity protec- 
tion device that may be omit- 
ted. A 555 is used as an 
astable with a frequency of 
about 0.7 Hz, When T, is on. 
a current flows through the 
6 V winding of Tr). The volt- 
age across the 240 V winding 
must be such that D> does not 
conduct, This may be ensured 
with the aid of an oscillo- 
scope. When the collector 
voltage of T, is nearly 0, the 
potential at the anode of Ds 
must be negative. When T, 
becomes reverse-biased, its 
collector voltage rises to 
about 12 V and the potential 


In many countries, there is a 
legal requirement for cars and 
motorcycles to have lights on 
whenever the vehicle is moving. 
In even more countries, this has 
become a (very sensible) cus- 
tom, which may well become a 
legal requirement in the near fu- 
ture. For these reasons, many 
vehicles have provision for (au- 
tomatic) day running lights, 
while in others, there is a third 
position on the lights switch for 
switching on these hghts. Day 
running lights are neither side 
lights nor dipped headlights; 
rather, they use the headlights at 
reduced power (normally 75%). 

Motoreyeles and cars not 
equipped with (automatic) day 
running lights can be so 
equipped with the present cir- 
cuit. 

The circuit is connected to 
the oil pressure indicating light. 
When the engine is not run- 
ning, the contacts of the oil 
pressure sensor in the engine 


12 V stroboscope 


at the anode of D must then 
be positive, so that Cy can be 
charged. Check these volt- 
ages, but carefully—they may 
be lethal! 
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Never operate the conver- 
tor without a load. It is, per- 
haps, advisable to shunt C4 
with a 100 kQ, 1 W, resistor. 
The convertor charges C4 to 


about 300 V. This causes a 
potential at junction Rg-Cs of 
about 100 V. The neon lamp 
then comes on, so that a gate 
current flows into the thyris- 


tor. This comes on and clears 
the way for Cs to discharge 
through Try. This starting 
transformer produces a sec- 
ondary voltage of a few thou- 


day running lights 
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block are closed. When the ig- 
nition is then switched on, the 
oil pressure light comes on. The 
potential at A is then low and 
nothing happens. 

When the engine is running, 
oil pressure builds up, where- 
upon the contacts open and the 
indicator light goes out. The 
potential at A is then high, so 
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that T) comes 
on and the relay becomes ener- 
gized. The relay contact in se- 
ries with the headlights closes, 
so that the headlight is switched 
on. When the engine is 
switched off, the relay is deen- 
ergized and the headlights go 
oul. 

Although some dexterity is 


sand volts. This is sufficient 
for the xcnon tube to strike 
and at the same time dis- 
charge Cy. From then, the 
operation can start again. 
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The circuit draws a current 
of about 250 mA, but this 
depends on the flashing rate 
and the type of xenon tube. 

{L.& W, Wassermann-Ruch - 964033] 
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needed, the circuit can be built 
in fairly easily. It is powered 
from the terminals of the oil 
pressure indicator light. The 
contact of relay Re, is best con- 
nected in parallel with the lights 
switch. 

[J. Bosman - 4019} 
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This circuit is based on the well- 
known LM350T voltage regula- 
tor from National Semiconduc- 
tor, and largely follows the stan- 
dard application circuit. This 
power supply is uscful for “base’ 
use of all sorts of hand-held 
transceivers like CB walkie- 
talkies, 2-m WHF ‘ham’ rigs, cte. 

The supply has a current ca- 
pacity of about 3 A, and sup- 
plies either 8.6 V or 13.6 V. The 
output voltage is selected with a 
double-pole changeover switch, 
Sla-b, The available voltages 
are standard for a lot of 


* See text 


The advantage of a touch 
switch over a traditional, me- 
chanical, switch is that its oper- 
ation is not degraded by wear 
and tear. 

Upon touching the touch- 
plates with your finger, transis- 
tor Tl (a pnp type) starts to 
conduct. The resulting pulse at 
the clock input of the 4027 has 
very slow edges (because of C1 
and C2), Consequently (and 
unusually), the first J-K flipflop 
in the 4027 then acts as a 
Schmitt trigger gate which con- 
verts the rather slow pulse at its 
input (pin 13) into a clean digi- 
tal signal which may be applied 
to the clock input (pin 3) of the 
second flipflop. The second 
flipflop then works according to 
the textbook, supplying a real 
toggle signal that may be used 
to switch a relay on and off via 
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power supply 
for handheld rigs 


portable communication equip- 
ment around these days. 

The rectifier diodes, D1 and 
D2, have anti-rattle bypass ca- 
pacitors, C4-C5, which serve to 
suppress noise. For extra hum 
suppression a choke is inserted 
in the input voltage rail to the 
regulator, This inductor consists 
of 12 turns of 20SWG ecnam- 
clled copper wire of a type 12A 
ferrite ring core. This choke 
should have a current rating of 
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a driver transistor, T2. The 
relay toggles any time you put 
your finger on the touch-plate. 

Current consumption of the 
circuit is less than 1 mA with 


7-8/96 


at least 4A. Diode D3 dis- 
charges the energy stored in the 
choke the moment the rectifier 
stops conducting, by providing 
an alternative path for the cur- 
rent flowing in the choke. 

The output voltage, U5). of 
the circuit is calculated from 


u., =1.25| 1424 | 

| R | 
Because the reference voltage 
of the LM350T is subject to a 
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the relay off, and up to 50 mA 
with the relay on. Any relay 
which is more economical may 
be used, a long as its coil volt- 
age rating is 12 V. When switch- 
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fairly large tolerance (1.2 V to 
1.3 V), the actual output may 
differ a little from the calcu- 
lated voltage. 

To enable the supply to be 
kept as compact as possible, it 
is best to use a toroid mains 
transformer. Also, for optimum 
suppression of mains noise, it is 
recommended to use a mains 
filter. 

[N.S. Hatrisankar - aK] 
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ing a mains apparatus, however, 
use a relay with properly rated 


contacts. [Pradeep G. - 964037] 
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a 
This program is the result of time 


some research into decoding 
the time signals transmitted by 
DCF77 (in Germany) with the 
aid of a personal computer. 
The DCF77 time signal trans- 
mitter is located near Frankfurt, 
and has a range of about 
1,500 km. 

Before the software can 
produce meaningful output, the 
hardware has to be set up. 
Here, an inexpensive DCF77 
receiver module type 
BN641138 from Conrad Elec- 
tronic is used. The module, 
which comprises an antenna 
and a complete receiver/de- 
modulator, is connected directly 
to the PC’s Centronics port via 


A 


REM Dipl. Phys. Bernd Oehlerking, Haasemannstr. 4, D-30449 Hannover 


DIM t%(65) 

COMMON SHARED t%(), st, kt, switch$, LPT 
DECLARE SUB decode () 

DECLARE SUB measurelow () 

DECLARE SUB measurepulse () 

DECLARE SUB findstart () 


ke = 1 
spt = 1 
zi=4 
LPT = &Hxxx 


CLS 
LOCATE 1, 10: PRINT “>> DCF77 << 


OUT LPT, 1: REM POWER UP 
REM goto labl 
lab: 

findstart 


labl: 
a = TIMER 
measurepulse 
b = TIMER 
REM LOCATE 10, 10: PRINT (d - c) * 10 


IF (4d - c) * 10 > 15 THEN 
it = 0: k? = 1: switcht = 1 
LOCATE 1, 1: PRINT SPACE$(70) 
LOCATE 3, 1: PRINT SPACE$(65) 


LOCATE 2, 21: PRINT “ DCF77 DEMO BY BERND OEHLERKING “ 


LOCATE 4, 17: PRINT “e..Unit m. .Minute h. .Hour 
CODE! !” 


END IF 


IF (b - a) * 10 < 1.5 THEN 

LOCATE zzt + 2, it + sp%: PRINT CHRS(220) 
LOCATE zzt + 3, i% + spt: PRINT “0”: Bitt = 0 
LOCATE zzt + 4, i% + spt: PRINT STRS$(i%) 

it = it +1 

END IF 


IF (b - a) * 10 >= 1.5 THEN 

LOCATE zz% + 2, i% + sp%: PRINT CHRS$(219) 
LOCATE 2z% + 3, i% + spt: PRINT “1”: Bit% = 1 
LOCATE zzt + 4, it + spt: PRINT if 


it = it +1 
END IF 
th(k3) = Bitt: kt = kt + 1: LOCATE 10, 45: PRINT “ : 
LOCATE 23, 50: PRINT “PC internal TIME --> ”; TIMES 
IF kt = 60 THEN decode 

Ir it > 21 THEN IF it < 26 THEN LOCATE 2z% 
Ir it > 25 THEN IF it < 29 THEN LOCATE zzt 


Waiting for sync. (max. 


1 min).” 


“; if - 1 


2, i%: PRINT “e” 
2, i%: PRINT "m” 


+ 
+ 

Ir it > 29 THEN IF it < 34 THEN LOCATE zzt + 2, it: PRINT “e” 
+ 


IF it > 33 THEN IF it < 36 THEN LOCATE zz% 


2, it: PRINT “h” 


REM IF it > 22 THEN IF it < 27 THEN LOCATE 22% + 2, it: PRINT “e” 


c = TIMER 
measurelow 
d = TIMER 
GOTO labi 


SUB decode 
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fo] Lomeme mem omemomememe) tome 
Oo0o0000 000000 


FOR it = 0 TO 3 

minet = mines + t%(22 + it) * 2 * it 
NEXT if 

REM LOCATE 20, 20: PRINT kt, t%(22); “ 
+£%(25), mined 


FOR it = 0 TO 2 

minz® = minzt + t%(26 + i%) * 2 ~ it 
NEXT if 

REM LOCATE 21, 20: PRINT kt, t%(26); “ 
t3(29), minzt 


FOR it = 0 TO 3 

stdet = stdet + t#(30 + i8) * 2 * it 
NEXT it 

REM LOCATE 22, 20: PRINT kt, t%(22); “ 
+$(25), mines 


POR i = 0 To 1 

stdzt = stdz% + ti(34 + 1%) * 2 * it 
NEXT if 

REM LOCATE 20, 20: PRINT kt, t%(22); “ 
t%(25), mine’ 


LOCATE 10, 30: PRINT stdzt; stdet; “ : 


three wires. The Conrad mod- 
ule draws so little current that it 
can be powered from a Cen- 
tronics data line (here, DO) 
which is made logic high per- 
manently. The output of the 
module is an open-collector 
stage, hence the use of a pull- 
up resistor, R1. The demodu- 
lated time information is read 
by the PC as 0's and 1's via the 
Error input line on the Cen- 
tronics port. 

The software is spartan, and 
written in QBASIC. No at- 
tempt has been made to refine 
it with menus, bells, whistles 


“3 t8(23)7 “ “7 tB(24), "7 


“; 4827) « * 


7 th(2B)7 " "5 


"p RRRB)s "my ERED, “Ms 


“j €8(23); “ “7 t8(24)7 % “7 


“; minzt; minet; 


minet = 0: minzt = 0: stdet = 0: stdzi = 0 


END SUB 


SUB findstart 


f = TIMER 

WHILE ((INP(LPT + 1) AND 8)) 

G = TIMER: IF G - £ > 5 THEN GOTO oep 
WEND 


b = TIMER 

WHILE ({INP(LPT + 1) AND 8) = 0) 
WEND 

a = TIMER 

IF ((a - b) * 10) > 13 THEN GOTO ende 


LOCATE 3, if + 1 
PRINT “X” 
i3 = it +1 


GOTO beg 
oceps: LOCATE 3, 20: BEEP: PRINT “ERROR 


!! No signal from DCF!” 


LOCATE 5, 20: PRINT “Please check connections and signal!” 


ende: 
END SUB 


SUB measurelow 
WHILE ((INP(LPT + 1) AND 8)) = 0 


WEND 

END SUB 

SUB measurepulse 

WHILE ((INP(LPT + 1) AND 8)) 
WEND 
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etc. Once started, the program 
waits for the start bit transmit- 
ted by DCF77. This bit ts trans- 
mitted with the ‘S58 and ‘60° 
seconds markers every minute 
(59° is omitted). 

The program builds the 
hr:min:sec information — in 
BASIC and puts this information 
on the screen, along with the 
time information supplied by the 
PC’s real time clock (Now's a 
good time to adjust it. ..). 


The chronometer has four 
7-scgment displays which can 
show a time lapse of 000.0 s 
to 999.9 5 with a resolution of 
0.1. s or a count from 0000 up 
to 9999, 

The chronometer is based 
on the Type 74C925 counter 
Ic with integrated display dri- 
ver from National Semicon- 
ductor. The device draws a 
current of about 40 mA from 
a +5 V supply. 

On power-up, the counter 
is set to OOOU by network 
Ry4-Cy or by S$}. The ic can 
derive a clock from two dif- 
ferent sources; the internal 
oscillator or an external one 
via the count input. 

The oscillator is formed by 
[C3,, [Cag and is enabled via 
the CHRON input. The 
enabling is effected manually 
by S; or by inputting a given 
level, high or low, depending 
on the position of S3, into 
CHRON, Only when pin 8 is 
high is it possible to measure 
an 8-12 Hz signal at the out- 
put of the oscillator. This fre- 
quency can be set to exactly 
10 Hz with the aid of a fre- 
quency counter, but, if this is 
not to hand, also with the aid 
of a good watch. 

Inputs CHRON and COUNT 
are identical but are sepa- 
rated electrically from one 
another and from the signal 
source by optoisolators. This 
allows input potentials of up 
to 25 V,,, to be applied to 
either of them, 

As with the CHRON input, 
the level at the COUNT input 
may be either high or low and 
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In OBASIC (which should 
be supplied with any recent 
DOS package) you press the F2 
key to enter and exit subrou- 
tines that you think require 
editing. The tenth line of the 
program defines the printer 
port address. Substitute the 
printer port address in hex for 
the xxx’s. If you don’t know the 
address, have the computer tell 
it to you — simply run Mi- 
crosoft Diagnostics (MSD) 


from the DOS prompt, and 
make a note of the printer port 
address. The address is dis- 
played by the DCF77 program 
if you press ‘L’ after starting it. 
Press Control-Break to stop the 
QBASIC program. 

DCF77 transmits CET. To 
make the program indicate 
GMT (CET-—1) as used in the 
UK, decrease the variable 
Stdz% by one just before it is 
PRINTed. If Stdz% equals — 1, 


then make it ‘23°. 

The author encourages all 
readers of Elektor Electronics 
who live within the range cov- 
ered by DCF77 to copy and use 
the program, provided his 
name is left in the listing. The 
author can be contacted at 
Haasemannstrasse 4, D-30449 
Hannover, Germany. Tel. 
(+49) 511 457123. 


|B. Olerking - 44034] 


chronometer/counter 


Trig 10n |16v 


Counter pig 


is selected by Sy. 

The position of $5, deter- 
mines whether the time or 
count function is active. 
Switch section S»,, inserts the 
decimal point between the 
third and fourth display digit 
when CHRON is selected. 
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LD1 LD2 
HD1107 46 HD1107 6 


1C2 = 4011 


> 8... 12Hz 


Whereas a simple level is 
needed to start the oscillator, 
the signal at the COUNT input 
needs more if the module is 
to work error-free. The signal 
must have stecp edges; it 
must be free of interference; 
at low level, it must be well 
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LD3 LD4 
HD1107 |6 


HD1107 \6 
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below 1 V; and at high level, it 
must well above 2 V. More- 
over, if a switch is used at the 
COUNT input, this must be 
debounced adequately. 

[M. Bulet - 964027] 


The lambda probe ts part of the 
exhaust system fitted on cars 
with a catalyser, It is fitted at a 
location between the exhaust 
manifold and the catalyser, 
where it measures the oxygen 
level in the exhaust gases. Its 
output signal is used by the in- 
jection control to determine the 
fucl‘air mixture at which the 
catalyser can develop its highest 
filtering effect. 

This circuit allows experi- 
enced car electric technicians to 
check the operation of the 
lambda probe as an essential 
component in the control loop 
formed by the injection system. 

Depending on the oxygen 
concentration in the exhaust 
gases, the so-called lambda volt- 
age has a range of 0 to 0.9 V, 
with the optimum concentra- 
tion occurring roughly at the 
centre of the range. A high 
lambda voltage indicates an 
oxygen deficit (rich” mixture, 
too much fuel), while a low 
vollage indicates a oxygen sur- 
plus (‘poor’ mixture, too much 
air). It should be noted that a 
lambda probe only responds to 
changes in the exhaust gas com- 
position at its nominal operat- 
ing temperature of about 
600 °C, The measured lambda 
voltage indicates one of four 
conditions: 

1. Normal operation. Depend- 
ing on the response time of the 
control loop, the lambda volt- 
age shows a certain variation 
around 0.5 V. Its frequency of 
between | Hz and 5 Hz indi- 
cates that the probe is working 
properly. 

2. Probe inactive. A steady volt- 
age of about 0.5 V indicates a 
fault in the probe or the control 
loop. It may also indicate that 
the probe has not yet reached 
its operating temperature, for 
example, when the engine 1s 
cold, or when you drive down- 
hill for a long time with the 
throttle closed, 

3. Lambda voltage constantly 
above 0.5 V. The carburettor 
mixture 1s too rich. Either the 
engine is still cold, or the throt- 
ue valve is fully opened, and 
extra fuel is injected at full en- 
gine loading. This voltage may 
also indicate a fault in the in- 
jection system, for example, an 
engine which, although hot in 
reality, is deemed ‘cold’ by the 
electronics because of a faulty 
temperature scnsor. 


lambda probe monitor 


4, Lambda voltage constantly 
below 0.5 V. The carburettor mix- 
ture has a fucl deficiency (rpm 
> 1500, accelerator not pressed), 
or the engine has a fault (e.g., in- 
sufficient fuel pressure), 


The circuit indicates these four 

conditions by means of a red 

and a green LED: 

1. Normal operation: no indica- 
tion, both LEDs off. 

2. Probe inactive (cold start): 
both LEDs light. 

3. Rich mixture (extra fuel at 
full load): red LED lights 

4. Poor mixture (throttle valve 
closed): green LED lights 


The operation of the circuit is 
relatively simple. Only com- 
monly available parts are used. 


(Ap ova 
60mv 
(> owsv7 
(© oviov7 (> ove 
Cp ovieve = (pov 
(E> ovovz77 (ia ovs 
(@> sveovi 


(> 9v6/8V7 
G> ove 
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c> 10V8/11V2 


Zener diode D5, resistor 
R11 and capacitor C3 provide a 
stabilized voltage of about 
6.8 V. The potential dividers 
formed by presets Pl and P2 
step this voltage down to an ad- 
justable level of about 0.7 V 
and 0.3 V at the — and + in- 
puts of opamps IC le and [ClId 
respectively. Both opamp out- 
puts drive a delay network. 
Each of these is designed such 
that capacitors C1 and C2 are 
rapidly charged via relatively 
small resistors, R2 and R4, and 
their associated diodes, D1 and 
D2. The same capacitors are 
however, slowly discharged via 
much higher resistances (R3-P3 
and R5-P4) because of the 
blocking action of the diodes. 
The delay so obtained is ad- 


1N4148 


Ici = LM324 
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justable between | and 2 sec- 
onds. The capacitor voltages 
are compared against a 0,8-V 
reference by two further 
opamps in the LM324. If they 
drop below this threshold, the 
relevant LED (D3, D4) lights. 

Normally, the lambda volt- 
age swings around 0.5 V. just 
tripping the upper and lower 
threshold set with PI and P2, 
Opamps Icle and Icld there- 
fore supply a constant train of 
pulses which keep Cl and C2 
charged to a level above the 
0.8-V threshold. The result is 
that both LEDs remain off. 
However, when the lambda 
voltage docs not reach the 
upper or lower threshold, the 
relevant capacitor 1s discharged, 
and the relevant LED lights. In 
this way, the two LEDs may in- 
dicate all four engine conditions 
mentioned above. If the 
lambda probe is not connected, 
resistor R1 kecps the inputs of 
1Cle and IC 1d at ground level. 
The indicated test voltage of 
60 mV is caused by the bias 
current of the two opamps, and 
applies with no lambda probe 
connected. 

The delay times set with P3 
and P4 should be sufficiently 
long to prevent the indicators 
flickering as a result of brief 
level changes of the lambda 
voltage, Both the delay and the 
low/high threshold settings will 
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depend on the vehicle and fuel 
injection type, and may have to 
be tweaked in practice for the 
best operation. In practice, the 
delay presets may be set to the 
centre of their travel, and have 
to be re-adjusted only if there is 
noticeable flickering of the 
LEDs while driving. 

The output voltage of the 
lambda probe is tapped and 
connected to the circuit via a 
short length of screened cable. 
The circuit itself may be fitted 


The monitor is a handy aid in 
cars and ts particularly suttable 
for radio amateurs who power 
their equipment from a car bat- 
lery. 

Although straightforward, 
the monitor is a very practical 
means of controlling the battery 
voltage. All that is needed are 
four FET current sources, four 
zener diodes and four LEDs. 
Bridge rectifier Dy—D 3 ensures 
that the battery cannot be con- 
nected with incorrect polarity. 

The zener voltage of diodes 
Ds-Dy increases in standard 
steps, so that the battery voltage 
needs to be higher to cause suc- 
cessive LEDs to light. In other 
words, the higher the battery 
voltage, the more LEDs will 
light. The component values 
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R10 = 150kQ 
Rit = 2kQ2 


RI2 = 100 


P1,P2 = 10kQ 10-turn cermet 
P3,P4 = 47kQ preset H 


Capacitors: 
C1,C2 = 10yF 63V radial 
C3 = 1,F 16V radial 


at a suitable position in or be- 
hind the dashboard. Care 
should be taken to ensure the 
lowest possible ground resis- 
tance. The ground connection 
is preferably made directly on 
the engine, or on the negative 
terminal of the car battery. If 
you use the ground connection 
of another load, the range ot 
the lambda voltage may be 
shifted several hundred milli- 
volts, requiring quite different 
input threshold settings than 


C4=t00nF 
C5 = 47uF 25V radial 


Di,Bb2:= 1N4148 dae 
D3 = LED, green 
D4 = LED, red 
DS = zener 6V8 400mW 
D6. = 1N4001. 


those mentioned above. The 
positive supply is taken from a 
point behind the ignition 
switch, for example. at the 
switch for the rear window de- 
froster. 

The author has successfully 
used this circuit in a Fiat Uno 
751.c. with a Bosch Jetronie in- 
jection system, achicving a 
mileage of 125,000. 

(W. Schmidt 4016) 


battery monitor 


4 x 300mW 


D1 = green 


D2 = yellow 
D3 = red 
D4 = red 


(flashing LED) 


are chosen so that at a battery 
voltage of 9 V—battery poor— 
only D, lights; when it is about 
11 V—battery doubtful—D, 
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and Ds light: when it is 13 W— 
battery fine—D,, D3 and Dy 
light. 

Diode Dy is a flashing LED. 


I-9LOPo6 


Warning. Working on a hot and/or 
running car engine is dangerous if you 
do not take proper precautions. 
Warning. Do not adjust the circuit 
while driving. 

Warning. Car exhaust fumes are 
highly toxic, Do not leave the engine 
running in a closed room. Be sure fo 
use an approved exhaust extension 
hose and fume extractor system 
Warning, Jnstaling this circuit may 
void the warranty on the car, Improper 
connection may cause damage to the 
engine, the fuel injection system 
andjor the catalyser. For installation 
and adjustment, seek ihe assistance af 
a qualiied car mechanic. 


The value of zener diode Dg is 
such that the LED begins to 
flash when the battery voltage 
approaches 15 C, that is, an 
overvoltage situation. It may in- 
dicate a fault in the alternator, 
the associated rectifier diodes 
or the voltage regulator. 

Since the drop across an 
LED is dependent not only on 
its colour, but also on its type, it 
may prove useful to experiment 
with the ratings of the zener 
diodes (with the aid of a vari- 
able power supply). It is always 
possible that the practical rating 
is shghtly different from that 
specified. 

The circuit draws a current 
of not more than 40 mA when 
D,-D; light. 


[N. Plarisankae - 964008] 


oh 


There are quite a few applica- 
tions of an audio power ampli- 
fier in which power and hi-fi 
characteristics are of secondary 
importance. If, for instance, an 
active loudspeaker for a portable 
radio receiver is needed, com- 
pact dimensions and low current 
drain are far more important 
considerations. 

These properties are the 
prime design basis for the pre- 
sent mini amplifier. It continues 


PARTS LIST 
Resistors: 

R, = 10k 

Ry = 93.0 
Rigg Re = 560 0 
Rg = 3.90 

P, = 47 kQ2 preset 


Capacitors: 
= 4.7 0 
CG, = 390 nF 
C4, Cs = 1000 pF, 16 V, ra- 
dial 


Op = 15 pF 


‘ Tt = BC5478 
‘Ty = BC5578 
Ta ica BD140 
Ty bad BD139 


Integrated circuit: 
AC, ad FLO271GP 


S; = double-pole on/off 
switch 
Bt -Bt, = battery, 1.5 V 


working satisfactorily with a bat- 
tery voltage down to 1.5 V. Its 
quiescent current drain is about 
ImA, and its efficiency is a 
worthwhile 70 per cent. It pro- 
vides an output 
500 mW into 8 Q (or 800 mW 


into 4), has a sensitivity of 


400 mV. and its distortion is 
never higher than 1.2 per cent. 
The low current drain is ob- 


tained through a combination of 


a low-power op amp followed by 


t-osonee 


power of 


a discrete Class-B stage. The 
op amp is a Type TLC271 oper- 
ating in its high-current mode 
(pin 8 to ground). Any compli- 
cations arising from the com- 
mon-mode range are prevented 
by using the amplifier as an in- 
yerting type. The voltage ampli- 
fication is set with feedback re- 
sistance P). 

The discrete power stage 
consists of two complementary 
darlingtons, each composed of a 
BC and a BD transistor. Resistors 
R>-Rs limit the internal amplifi- 
cation. Capacitors C,, C5, and 


a 


Us 


C,, are compensation devices. 

Boucherot network R,-C; 
ensures amplifier stability when 
the load Is very low or very high. 

Since the output transistors 
have no emitter resistor, the 
vollage is determined solely by 
the knee voltage of T; and Ty. 
With a load of 4-8 Q, these volt- 
ages are limited to 0.20.3 V. so 
that the transistors can be driven 
virtually up to the supply volt- 
age. This is the reason for the 
atypical high efficiency of the 
amplifier. 

The overall bandwidth of the 


Elektor electronics 


amplifier is limited to not less 
than 21 kHz at the maximum 
amplification of x5. 

With a 4 Q load, the peak 
output current is 700mA, A 
315 mA fuse in series with the 
output is, therefore, a simple, 
but effective short-circuit pro- 
tection. At maximum drive with 
a music signal, the average cur- 
rent is only 50 mA. In practice 
the drive will never be continu- 
ously maximum, so that the ac- 
tual current drain will be much 
lower. A set of four penlight bat- 
terics should last about 200 
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Up 


hours. 

The amplifier is best built on 
the printed-circuit shown, which, 
unfortunately, is not available 
ready made. 

On a final note: since the 
four batteries form a symmetri- 
cal supply, on-off switch S, 
needs to be a double-pole type. 


['E Giesberts - 46402 
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Many measuring instruments 
are provided with a 7-seg- 
ment display, LD bar or dis- 
crete LEDs, which are con- 
trolled directly by an ana- 
logue-to-digital converter 
(Abc), such as the ICL7107, 
or an LED chain driver, such 
as the LM3914, 

To build in such an instru- 
ment an interface for a micro- 
processor system is not so 
simple, since the data are nor- 
mally not available in binary 
form. However, the present 
circuit offers a solution to this 
difficulty. 

The 16 inputs at K, and 
K; are linked to the LEDs or 
scgments (with common 
anode )to be read. The micro- 
processor system controls the 
four switching inputs, A-D 
(pins 10-14) of the 16-to-1 
demultiplexer, IC5, via K, 
and IC3,-IC3. and selects 
one of the 16 inputs, which is 
then linked to the x-output. 

The potential at the x-out- 
put is compared with a refer- 
ence voltage, which is preset 
with P;, The output of com- 
parator IC, ts high or low, 
depending on whether the 
segment or LED is actuated or 
not not respectively, 

The output level of IC, is 


This little circuit may help to 
prevent costly disasters caused 
by overheating of semiconduc- 
tors fitted on heatsinks, to men- 
tion but one application. It is 
built from low-cost and gener- 
ally available components only. 

A reverse-biased  germa- 
nium diode, or the base-emitter 
junction of a germanium tran- 
sistor, acts as a temperature 
sensor. At room temperature 
(approx. 25 °C), the resistance 
of this sensor is relatively high, 
so that transistor Tl conducts 
and holds the reset pin (termi- 
nal 4) of the 555 timer IC at a 
low level. Consequently, the 
free-running oscillator built 
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display-to-uP interface 


0 

1 

2 

3 

0 4 
1 5 
2 6 
3 ji 
4 C) 
5 1 
6 ovvec2 2 
7 a 3 
©>?),vec2 5 

© 'i,vec2 5 

6 
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read by the microprocessor 
system and reconverted into a 
number, after all relevant 
inputs of K, and K, have 
been scanned. The relevant 
software must be adapted to 
the relevant types of con- 
troller and display. 

Since usually several sup- 
ply voltages are used in dis- 
play circuits—7-segment dis- 
plays often need more than 
+5 V— conversion of the 
+5 V supply (from the micro- 
processor) to the — level 


© oviav7 


IC3 = 7407 


required by the display is 
needed. This is provided by 
the open-collector outputs 
and pull-up resistors of 
buffers [C3,-IC3,. The supply 
for IC; may be 3-18 V. At the 
output of the microprocessor, 
the level ensured by D, is 
lowered again to 5 V. 

Jumper JP, determines 
whether the 4067 is always 
switched on or only when a 
signal at interface line 0 is 
enabled. This is particularly 
useful when several circuits 


overheating alarm 


6...12V 


around the 555 is disabled. 
When the temperature 
measured by the sensor exceeds 
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about 80°C, the resistance of 
the germanium semiconductor 
junction becomes low enough 
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are to be driven in parallel, 

Tn case of multiplexed dis- 
plays, the software becomes a 
little more complicated since 
ever more measurements 
must be taken to ensure that 
the display lights or not. 

The circuit as shown draws 
a current of 10-20 mA from 
the +5 V line and not more 
than 5 mA from the V,,.2 line. 


[D, Dittmann - 9641/18] 


for T1 to stop conducting be- 
cause of the low bias voltage at 
its base terminal. Next, the os- 
cillator is enabled via pin 4 of 
the 555, and the loudspeaker 
sounds, 

The temperature at which 
the alarm is activated may be 
adjusted with preset Pl. The 
circuit can work from any sup- 
ply voltage between 6 and 12 V 
d.c. Its current consumption in 
the non-activated state is be- 
tween | and 2mA, which is 
probably a little too high for the 
unit to be permanently pow- 
ered from a small 6 V or 9V 
battery. (Pradeep Gi, aiKHL} 


The watchdog is intended to 
monitor a microprocessor 
and determine whether this 
functions correctly or not. [t 
and its software are suitable 
for use in the background 
with any pc that runs under 
bos or Windows. The hard- 
ware is linked to the serial 


interface, which is then con- 
trolled by the software 

After the computer has 
been switched on, the data 
connections at the — serial 
interface are low. The watch- 
dog software is started at the 
same time as the selected 
application program. It pro- 
vides a permanent rectangu- 


Many designers nowadays al- 
most automatically include one 
of the popular 3-pin voltage 
regulators in power supply de- 
signs. It is almost as if they have 
forgotten that there are other 
ways of regulating as well. The 
present circuit, for instance, 
shows a simple regulator which 
is useful if the requirements on 
the power supply are not too 
stringent. The circuit is very 
simple and inexpensive to build. 
Moreover, it has the advantage 
that the output voltage can be 
easily adapted to requirements. 

The circuit is based on inte- 
grated shunt regulator IC), 
used here as variable zener 
diode. In conjunction with Ty, 
the Ic forms a simple voltage 
regulator. Since, unlike a zener 
diode, the device has three ter- 
minals, its output voltage can 


watchdog for PCs 


lar signal at pin 20, which 
results in Cy being charged 
and T> conducting. Pin 4 is 
made high, so that the com- 
puter cannot receive a reset 
signal. This condition is stable 
as long as the program runs. 
If the computer fails 
(crashes), the rectangular sig- 
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nal falls out and C3 is dis- 
charged via R,. This causes 
T, to be switched off, where- 
upon the base of T> goes 
high. This transistor is then 
on and pulls the reset line of 
the computer to ground. The 
computer then restarts, 

Note that the circuit works 
only if a computer reset also 


15 V 


be determined within certain 
limits with variable potential di- 
vider R3-P)-Ry. Parallel-con- 
nected resistors R, and R; en- 
sure a sufficient current 
through IC) and T;. The cath- 
ode current of [C; must be at 
least 0.4 mA. 


y an 


Watchdog-Test 


#include 
#include 
#include 


#define com2 0x02f8 


void main(void) 


{ 


int i: 


{ 
while(1) 
{ 
outp( (com2+4),3); 
delay(2); 
lf (bioskey(1)) 
return 0; 
outp( (com2+4),2); 
delay(2); 
if(bioskey(1)) 
return 1; 


} 


causes the serial interface to 
be reset. since that is essential 
for the high level at pin 4 to 
be removed. It is only when 
this pin is at ground level that 
the reset pulse is terminated 
and the computer can reboot. 

The C++ program is a 
test for the hardware; the real 
program is easily adapted for 


ower Supp 
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The maximum output cur- 
rent depends on the mains 
transformer. The current 
drawn by the circuit itself de- 
pends on the applied alternat- 
ing voltage: in the prototype, 
which has a supply of 15 V, the 
current drain is 16.5 mA. Pro- 
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COM2 


pin 4 and pin 20 high 
RESET test at switch push 
PIN 4 high, pin 20 low 


RESET test at switch push 


the particular use. 

The reset connection of 
the processor is normally not 
difficult to find: follow the 
cable from the reset switch. 

The watchdog draws a cur- 
rent of about 5 mA from the 
computer. 

{J Oehs - 9644125] 


viding an output current of 
400 mA, the prototype pro- 
vided a ripple suppression fac- 
tor of 25. 

If the circuit is to be used as 
the basis for a symmetrical sup- 
ply, it is best to use a mains 
transformer with isolated wind- 
ings and build an identical cir- 
cuit for the negative supply linc. 
Connect the +15 V output of 
this line to the earth return of 
the positive supply line. This re- 
turn will then serve as the re- 
turn line of the entire symmet- 
rical supply. A real negative 
version with a p-n-p transistor is 
not readily possible because the 
2.5 V reference of IC, is with 
respect to the lowest potential 
(here, the anode). 

[T. Giesberts - 4641144] 
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This circuit is another variant 
of the switch described clse- 
where in this issue. Its func- 
tion is to switch off an audio 
system if there has been no 
audio input for five minutes. 
Its signal input is simply con- 
nected to the line output of 
the preamplificr or ahead of 
the volume control in the 
power amplifier. Its output 
energizes a relay with single 
contact to switch off the 
mains to the audio system. 

The circuit is fairly simple. 
At its input, the audio signal 
is likened to a small direct 
voltage by comparator IC),. 
In the quiescent state, the 
potential between the inputs 
is 12 mV. The output of the 
comparator is high so that 
time delay capacitor Cy can 
be charged slowly via high- 
value Rz. When the potential 
across Cy has reached a level 
of about half the supply volt- 
age, the second comparator, 
ICy,, changes state (goes 
high), which causes the relay 
to be deenergized. 

The audio signal is applicd 
directly to the non-inverting 
input, but its level at the 
inverting input is very low, 
owing to Cy that forms a vir- 
tual short-circuit to earth, 


Believe it or not, but it’s fash- 
ionable (‘cool’) these days to lis- 
ten to medium-wave radio sta- 
tions. Ferranti’s ZN416 inte- 
grated circuit contains a 
complete radio receiver with 
AM demodulator. All you need 
to do is strew a couple of de- 
coupling ICs around the IC, 
connect an antenna to the bal- 
anced RF input (pins 1 and 8), 
and a pair of headphones to the 
AF output (pin 5). 

The antenna is an inductor, 
LI, consisting of about 60 turn 
of 0.2-mm (SWG36) enamelled 
copper wire (e.c.w,) on a ferrite 
rod with a diameter of 12 mm 
and a length of about 12cm. 
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signal-controlled switch II 


During the negative half 
waves of the signal and its 
level is sufficient (20-50 mV). 
the comparator output is low. 
This causes C3 to be dis- 


on the mains to the audio 
equipment. The switch-on 
period is about 1.5 s (that is, 
R,'C3log.2). 

Diode Dy, is in tandem 


taken from the audio system: 
the voltage may be anywhere 
between 9 V and 35 V. Since 
the circuit draws a current of 
not more than 80 mA, a heat 
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charged fairly rapidly, so that 
the level at the non-inverting 
input of IC, cannot reach 
half the supply voltage. This 
comparator then actuates the 
relay, whose contact switches 


1C1 = TLC272 
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with the power-on indicator 
of the audio equipment, while 
D; indicates whether a suffi- 
ciently strong audio signal is 
present, 

Power for the circuit is 
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sink for IC is only needed if 
input voltages of = 30 V are 
regularly encountered. 

[I. Studer - 9641135) 


two-IC medium-wave 
pocket radio 
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The inductor is tuned with a 
500-pF foil dielectric variable 
capacitor, Cl (Conrad order 
code 582315-88). 

The audio power amplifier, 
a TDA7O0S50, is only required if 
you want to use a small loud- 
speaker instead of, or in addi- 
tion to, the headphones, The 
AF power amplifier also adds 
the luxury of a volume control 
to the receiver. 

The receiver IC operates at 
1.5 V only from one of two se- 
ries-connected AA (penlight) 
batteries which supply 3 V to 
the TDA7050. Current con- 
sumption is of the order of 
8 mA. [Pradeep G. 964067] 


The programmable gain ampli- 
fier—PGA—is ideal for applica- 
tions like data loggers and au- 
tomatic measuring instruments. 
The amplification can be set 
anywhere between unity and 
1000. The bandwidth at what- 
ever amplification is >30 KHz. 
The current drain does not ex- 
ceed 7 mA. 

The input signal is butfered 
by IC),, and then applied to am- 
plitier [C),,. The amplification 
of this stage depends on how 
feedback resistors R5-Ry are 
switched into circuit by IC. 
How the resistors are intercou- 
pled depends on the logic levels 
al inputs A and B. The inter-re- 
lation between the resistors, the 
total amplification and the logic 
levels is shown in the table. 

After the output signal of 
IC, has passed through the 
multiplexer, it is applied to 
<100 amplifier [Cg via buffer 
IC},. The overall amplification 
is set with logic levels at inputs 
Aand B as shown in the table. 

The amplification of the 
first stage has been kept low 
purposcly to ensure that the 
value of the feedback resistor 
does not have to be high, which 
makes the effect of the leakage 
current of the multiplexer neg- 
ligible. 


A standard cmos oscillator 1c 
does not work with a watch crys- 
tal (32.768 kHz). At best, it starts 
to oscillate when the supply volt- 
age is switched on, but as soon 
as the voltage rises to its nomi- 
nal value, oscillations cease. The 
solution ts simple and consists of 
adding a resistor between the 
crystal and the 1c (Ro in the cir- 
cuit diagram). Once this is done, 
the oscillator works fine and is 
not fed too much energy (which 
would cause it to give up the 
ghost within a short time), Ca- 
pacitor C> may be a trimmer to 
enable the frequency to be set 
accurately. 

The reason that R» enables 
the oscillator to work well is as 


programmable amplifier 


0 1 10 
1 0 100 
1 1 1000 


(Rg/Ro) - (Rg/Ry9) 


(R7/Ra) - (Re/Ryo) 


(Ré/Ro) * (Ro/R49) 


(Rs/Ro) - (Ro/R49) 


Hz oscillator 
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tollows. Capacitors C; and C> 
and the crystal form a m-section 
that causes a phase shift of 
180°. Circuit IC; ts an inverter 
which also causes a phase shift 


100 


of 180° There is thus a total 
phase shift of 360°, necessary 
for oscillations to be sustained. 

Without R>, the crystal is 
driven by the inverter at low im- 
pedance, which causes so much 
damping that the m-section 
gives a phase shift well below 
180°. The additional resistance 
reduces the damping, so that 
the phase shift is restored to 
180°. Since the impedance of 
the m-section is high, R> does 
not create much attenuation, so 
that the overall amplification 
remains larger than 1: a prereq- 
uisite for oscillations. 

As regards the Dc setting of 
the 1c, Rj is necessary to set the 
input of the device to about half 
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The effect of Ryo, of the 
multiplexer has been eliminated 
by taking the input signal to 
IC,, from the output of the first 
multiplexer via the second mul- 
tiplexer. 

The offset of the circuit is 
set to zero with P; when the 
logic level at both inputs is high. 

When both A and B are left 
open, R3 and Ry arrange for 
the circuit to be set automati- 
cally to an amplification of 
«1000. JH. Bonckamp - 964124] 


the supply voltage. To prevent 
damping, the value of Ry must 
be at least 10 MQ, which is a 
normally available value. The 
value used in many of such os- 
cillators is | MQ, but with this 
value the oscillator does not 
work. 

The waveform at the input 
is sinusoidal, but that at the out- 
put is rectangular, 

Note that the 1c is an HCU, 
that is, unbuffered, type. The 
oscillator may work with an HC 
type, but that cannot be guar- 
anteed. 

The circuit draws a current 
of not more than ] mA witha 
SV supply. 


[K, Walraven - 964021] 
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This is an enhanced version of 
the NiCd-battery tester pub- 
lished in the July/August 1995 
issue of Alektor Electronics. In 
that design. the NiCd battery 
under test is discharged at a rate 
of 100 mA, while it is also used 
to power a small quartz clock. 
When the resistor has drained 
the battery to a voltage of 
1.05 V, the clock stops, and the 
time that has clapsed since in- 
serting the battery allows the ca- 
pacity (in Ah) to be calculated, 

‘The present circuit improves 
on the operation of this (shoc- 
string budget) test principle by 
using a rewound relay to stop 
the discharging automatically at 
about | volt, thereby preventing 
deep discharging of the battery. 
The author has some cells 
which are over twenty years old, 
and still give good performance. 

The novelty of the present 
version is that the battery is dis- 
charged across a relay coil 
rather than a resistor, while it 
powers the clock via the rclay 
contacts. The timer created in 
this way is started by pressing 
the relay armature so that the 
contacts uphold the coil cur- 
rent. Provided the coil resis- 
tance is correct, the relay will be 
de-energized at the above men- 
tioned minimum cell voltage. 
The time recorded by the clock 


The low-cost circuit charges two 
nickel-cadmium cells from the 
mains to provide a stand-by 
power supply for a two-lamp 
emergency light which is auto- 
matically switched on in the 
event of a mains failure. The 
best place to mount the circuit 
is probably in the electricity 
locker in your home. That loca- 
tion is also convenient because 
the 4,5 V alternating voltage 
may be tapped from the door- 
bell transformer. 

Diode D1 and smoothing 
capacitor CI form a conven- 
tional single-phase rectifier cir- 
cuit with an output voltage of 
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NiCd battery capacity tester 
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then indicates the battery ca- 
pacity just as with the earlier 
circuit. Assuming a coil resis- 
tance of 12 Q, the discharging 
current is 100 mA. Multiply the 
discharging period by 0.1, and 
you have the measured battery 
capacitance. For example, if the 
clock stops after 8 hours, the 
battery capacity is 0.8 Ah. 
Unless you are — lucky 
enough to find a relay with a 
normally open (n/o) contact, a 
coil resistance of exactly 12 Q, 
and a de-actuation voltage of 
about | V, a new coil winding 
will have to be made with fewer 
turns, and using thicker wire. 
The use of a copper wire gauge 
table is recommended for the 
resistance calculation, after 
which a number of experiments 
should be carried out to make 
sure that the value of 12 2 and 
the desired de-actuation yoltage 
are reached. Also, the armature 
of the relay should be accessible 
to enable the contacts to be 
closed by manual pressure. In 
most cases, that means using a 
rather bulky relay. Fortunately, 
that is not a problem because 
the relay can be secured to a 
battery holder to form one as- 
sembly. Sealed relays are obvi- 
ously not suitable for this appli- 
cation, unless you remove the 
enclosure. [PL O'Neil - 964407] 


inexpensive emergency light 


about 6 V. This voltage is used 
to continuously charge two se- 
ries-connected NiCd batteries 
with a current of 80 to 100 mA, 


o1 
1N4001 At 


which flows via R1 and D2. At 
this rate, a 2 Ah (ampere-hour) 
NiCd battery can be safely 
charged for extensive periods. 


D2 
1N4001 
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The voltage drop across 
D2 reverse biases the base- 
emitter junction of p-n-p tran- 
sistor Tl. Consequently, the 
transistor is turned off, and 
the lamps connected to its col- 
lector do not light. 

When a mains outage oc- 
curs, Tl is supplied with base 
current (from the batteries) via 
R2, whereupon the miniature 
lamps are turned on. As soon 
as the mains power is restored, 
T1 is switched off again, and 
the battcries are charged again 
via RI and D2. 


[Pradeep G. - 9640002] 


Ferranti’s ZN426-8 is an 8-bit 
monolithic digital to analogue 
converter containing an R/2R 
ladder network with precision 
bipolar switches and a 2.5-V 
precision voltage reference. 
The circuit shown here is con- 
nected to the PC’s parallel 
printer port, and provides a 
simple means of communica- 
tion with the analogue world. It 
is capable of generating as well 
as reading voltages between 0) 
and 2.55 V in steps of 10 mV. 
The ZN428 also acts as an A-D 
converter with the help of a 
comparator. The circuit is pow- 
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inexpensive AD/DA converter 


ered by an external 5-V source, 
and controlled by a small Pascal 
program. 

The PC’s printer data lines 
are connected directly to the 
digital inputs of the ZN428. 
The 8-bit value sent to the chip 
is translated into a correspond- 
ing analogue voltage (0 to 
2.55 V), which is buffered by 
opamps IC2a and [C2b before 
it is available to the analogue 
output, K2. An_ electronic 
switch, I[C3a, in inserted be- 
tween the opamps. It is closed 
by the strobe signal supplied by 
the computer. 
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“COMPONENTS LIST 


Resistors: 

Ri = 3900 
R2,R3 = 100kQ 
R4 = 10kQ 

R5 = 1kQ 

RG = BkQ3 


Capacitors: 

Ci = 1pF 16V 

C2 = 10nF 
C3,C4,C5.= 100nF 
C6 = 100nF 25V radial 


Semiconductors: 

Di = 1N4148 

IC1 = ZN426-8 (Ferranti) 
IC2 = LM324 
1C3 = 4066 


K3 = 26-way flatcable IDC 


plug. 

Software on diskette, order 
code 966009-1. 

Printed circuit boatd not. - 
available ready-made. 


The A-to-D conversion is 
based on successive approxima- 
tion. The analogue input volt- 
age to be measured (range: 0) to 
2.55 V) is applied to input 
socket K1. The printer port is 
programmed to supply a series 
of voltage levels, each of which 
is compared with the analogue 
input voltage by comparator 
1C2b. The output of [C2b dri- 
ves the BUSY line, which is in- 
terrogated by the program to 
check if the DAC output volt- 
age is higher or lower than the 
voltage at KJ. During the A-to- 
D conversion, switch [C3a is 
opened. During that (brief) pe- 
riod, capacitor C2 and opamp 
1C2d hold the analogue voltage 
at K2. 

The control software for the 
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AD/DA converter is available 
on diskette through our Read- 
ers Services under order code 
966009-1. This disk also con- 
tains all relevant source code 


The circuit can store a maxi- 
mum of 128 texts each of two 
lines and 16 characters and 
present one of them on a 
standard display. 

The texts are stored in an 
EPROM and may be exported 
upon a relevant address at the 
seven 11 compatible inputs 
of Ko. 

Oscillator/counter 1C> not 
only generates the enable sig- 
nal for the display, but also 
arranges for the six lower 
address lines of the EEPROM 
to be scanned, so that the 
texts are sent constantly to 
the Lob. Thus, a new text is 
displayed after only a short 
delay when a different line at 
K3 is addressed. 

The display drive is not 
straightforward, because 
there is no actual initializa- 
tion, so that the mode of 
operation depends on a 
power reset of the display 
controller, but in practice it 
works well. 


Text programming 
The programming of the 
EPROM will be clarified by an 
example. For instance, the 
text 
regulations are 
for guidance 
will be output when pin 5 of 
K> Is high and all other 
address lines are low, Pin 5 
controls address bit 10, so 
that from address 400), 
before each text, four control 
bytes are programmed as fol- 
lows: 


OBS8,, — 8-bit communication, 
two rows; 

O8C), - display on, no cursor: 

086,,— addressing mode; 

082,, — cursor home. 


Then follows the text of the 
first line followed by 24 blank 
spaces and the second line. A 
text entry always consists of 
60) bytes. 
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files. A Pascal unit called AD- 
DACony provides the routines 
which are necessary to control 
the circuit. An object ADDAC’ 
is initialised with the number of 


eneral purpose text 


1N4148 


Communication with the 
display is straightforward. 
Since the R/W line is at earth 
potential, it can only receive 
data. The busy flag is not 
strobed, so it cannot be ascer- 
tained whether the next byte 
can be sent. Fortunately, the 
data transfer is so slow 
{cnable is clocked at about 
160 Hz, which is equivalent to 
a lime lapse of some 6 ms) 
that the LCD module has more 
than enough time to display 
the received character before 
the next byte arrives. 

The EPROM content is 
composed in a simple manner 
by the short BASIC program 
TEXTDISP.BAS in the box, This 
is more convenient than each 
and every HEX editor. The 
program provides a_ file 
TEXTDISP.BIN, Which can be 
called upon for programming. 

[U. Hartig - 9640126] 
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the parallel port to which the 
converter is connected (LPT1, 
2, or 3). The procedures ‘get- 
Voltage’ and ‘set Voltage’ serve 
to read and supply analogue 


textdisp.bas 


rem constant MaxMessage = 
const MaxMessage = 3 
open “textdisp.bin” 
for Message = 
cls 
print#1, chr$(&hbB8 
chr$(&h86); chr$(&h82) 
print 
print 
input 
print 


“Input line 
messl$ 
“Input line 
input mess2$ 
print #1, mess1$ 
for j = 
print #1, 
next j 
print #1, mess2$ 
for j = 1 to 20 - 
print #1, 


next j 
next Message 
close #1 
end 


“Display text no”; 


voltages respectively. The pro- 
gram ADDATest demonstrates 
the application of this Pascal 
object. 

[S. Reichelt - 964092] 


IC3 = 4014 


no of display texts 


for output as #1 
1 to MaxMessage 


}; chr$(&h8c); 


Message 
4" 


Qe 


1 to 40 - len{mess1$) 


we 
‘ 


len({mess2$) 


de ee 
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The present circuit makes it 
possible for the phase differ- 
ence between two sinusoidal 
voltages to be measured with 
an inexpensive bvM (digital 
voltmeter) or multimeter. 

The circuit consists of four 
distinct parts: analogue com- 
parator, digital comparator, 
low-pass filter, and power 
supply. 

The input signals are 
applied to comparators [C), 
and IC), via Ky and Ko. Their 
level is limited by anti-parallel 
connected diodes D|—-Dy. 

The comparators convert 
the sinusoidal signals into rec- 
tangular ones. Resistors 
R,-R3 and R3-Ry ensure that 
the diodes do not affect the 
input impedance unduly. 
When the diodes are off, the 
input impedance is 500 kQ, 
when they conduct, it Is 
1 MQ. 

The resistors also provide 
the non-inverting inputs of 

the compara- 


the 


with 
required bias cur- 
rent. The present 


arrangement guarantees that 
the sensitivity of the compara- 
tors is maintained when the 
diodes are off (in many other 
circuits, Ry is in parallel with 


DVM as phase meter 


two signals, 

The remaining gates of 
TC; are connected in parallel 
and used as buffer to make 
the output impedance as low 


two are not equal. Conse- 
quently, the duty factor of the 
output signal of IC, is 


D,. so that the input voltage 
drops by 6dB when the 
diodes are off). 

Exclusive-OR stage IC}, 
functions as digital compara- 


directly proportional to the 
phase difference between the 


IC1 = TLC3702 
IC2 = 74HC86 sv 


my’ TLC271 


100n 


PARTS LIST 


Cy, Crp = 10 UF, 16 V, radial — 


Semiconductors: 
: Dy-D, = 1N4148- 


Resistors: 
R,-Ry = 1 MQ 


Rs, Re = 470 kQ ia 
Re, Rig = 10 kQ: Integrated circuits: : 
Rg, Ro = 100k i, 4 Taro ee 
Ry, = 100 IG = 74HC86 


P, =20kQ preset, seetext Ca, Cy = TLC271 
Ps = 10 kQ preset, see text IC, = 78L05 seine 


Miscellaneous; 

Ky, Ky = BNC socket for — 
« board mounting — 
My = DVM 


Capacitors: : 

G,-Cg = 1 uF mit (metallized ' 
polyester) 

Og, O7, Cx, = 100 NF high 

stability 


tor. It 
likens the rec- 
tangular waveform outputs of 
IC),, and IC), and produces a 
logic | at its output when the 


+ 


z= 
oO 
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as possible. 

The phase-dependent duty 
factor is converted by low- 
pass filter [C, into a direct 
voltage that can be read by 
the bvM, The — active 
2nd-order filter removes the 
a.c. component from the sig- 
nal so that only the direct 
voltage remains. Preset P3 is 
adjusted such that the DVM 
shows the correct phase shift. 

So as not to make the cir- 


The sine/cosine filter has sev- 
eral applications in audio 
equipment thanks to its virtu- 
ally constant phase shift. As an 
example, the design shown here 
is tailored for use in a sur- 
round-sound encoder, in which 
the surround information is 
shifted 90° and then added to 
the stereo channels. For a 
proper effect, the bandwidth 
has to be limited to 100 Hz to 
7kHz with the aid of a filter. 
Unfortunately, that filter causes 
further phase shifts, The alter- 
native solution to this problem 
is phase correction for high and 
low-pass filters, described else- 
where in this publication. 

The left (L) and right (R) 
channels are cach sent through 
a filter section “A, while the sur- 
round-sound signal is sent 
through the lower circuit, *B’. 
The encoding operation then 
consists of adding B’ to A(L), 
and the inverted B’ signal to 
A(R). The centre channel may 
be added directly to A(L) and 
BR). 

This filter allows a simple 
encoder to be used. On the 
down side, the signals in the L 
and R channels are affected by 


Ebekior DEFAULT = PARASE(deg) vs FREQ(H2) 


cuit too complex, some facili- 
ties have purposely been 
omitted. For instance, in 
expensive phase meters the 
signal from the analogue 
input comparator is halved to 
enhance the symmetry, but 
this is not really essential. 
Also, in the digital section 
there is no detection of lead- 
ing or lagging of the signal, 
which means that this has to 
be ascertained from viewing 


the oscilloscope. 

The circuit is powered by a 
9¥V alkaline battery, which 
feeds [C, directly. A stable 
5 V supply for 1C, and IC; is 
provided by regulator ICs. 
The +5 V supply is halved by 
IC, to provide the +2.5 V 
supply for the input section. 

The pcs has been designed 
to cater for standard as well 
as multiturn presets in the P, 
and P; positions, The latter 


constant-phase 
sine/cosine filter 


propagation delays. 
In section ‘A, the 
propagation delay is 


between 2ms at 
20 Hz, and 9 us at 
20 kHz. Similarly 


section “B' intro- 
duces a delay be- 
tween 6.5 ms and 
3.6 us. Section ‘AV is 
therefore the best 
choice for the Land 
R signals because it 
has the smallest ef- 
fect. Both channels 
then ‘suffer’ from 
the same delay 
(causing heavy dis- 
tortion of square 
wave signals, as you 
can try out for your- 
self), but that is not 
a problem because 
the stereo effect is 
hardly — degraded 
(the filter has unity 
gain across the 
range 20Hz to 
10 kHz). 

Current —_con- 
sumption of the fil- 
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ter sections is about 16 mA. If 
you are after better quality, we 
recommend using dual opamps, 
because they often have better 
specifications (we're not talking 
of the TLO072 class, though). 
The measured phase re- 
sponse is shown by the graph. 
Note that the maximum phase 
ripple is limited to about 5° be- 
tween 100 Hz and 7 kHz. In 
theory, that would be 1.5°. Take 
into account however, that (1) 
the accuracy of the mceasure- 


types are, of course, pre- 
ferred. 

A known reference signal 
or a reliable phase meter for 
calibrating P> is indispensable. 

The offset of IC; is com- 
pensated with P;. Contrary to 
the usual way, here this nceds 
to be done with an input sig- 
nal applied (not at 0 V), 
because of the asymmetric 
supply of the op amp. 


[H. Bonekamp - Y64(152| 


RV Ria 
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ment is about 1%: (2) the near- 
est available ‘real’ values are 
used for R1, R4, R7, RIO and 
R16; and (3) the capacitors 
uscd are 5% tolerance types. 
The absolute error of about 5° 
is then not a bad figure at all. 
Finally, to complete the story, 
the theoretical values of the 
above mentioned — resistors: 
R1=4,795 O, R4=4319 Q, 
R7=4,760 0, RI0=4,225 Q. 
R13=4,564 Q, R16=4,180 Q. 


[T. Giesherts - Ob4047] 
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The circuit converts the volt- 
age levels at an RS232 inter- 
face into current signals. In 
the quiescent state, send sig- 
nal Txb, which has a level 
between -15 V and —5 V, is 
converted into a quiescent 
current of about 20 mA. In 
operation, the level becomes 
between +5 V and +15 V, 
depending on the set bit. At 
this level, the current loop 
must be interrupted. At the 
other end, in the quiescent 
state, the PLC sends a current 
of about 20 mA which is con- 
verted into a voltage between 
-15 Vand -S V. 

[If the PLC interrupts the 
current loop during the trans- 
fer of the bits, the convertor 
must provide a_ voltage 
between +5 V ands +15 V. 
To this end, signal Txp con- 
trols transistor T;. In the qui- 
escent State, the signal is neg- 
ative and T, is cut off. Tran- 
sistor T> is fully on via Ry and 
causes a quiescent current of 
about 20 mA: diodes D,, D>, 
in conjunction with Ry, form 
the relevant current source. 

When in operation TxD 
becomes positive, Ty) comes 
on, which removes the base 
current from T>, so that this 


The corrector has the task to 
always connect a load to a 
direct-voltage source with 
correct polarity. [t thus func- 
tions in the same way as a 
polarity protection diode, but 
does not lower the voltage by 
0.4 V (in case of a Schottky 
diode) or 0.7 V (in case of a 
silicon diode). [ts slightly 
higher cost is, therefore, justi- 
fied in cases where millivolts 
count. 

If the +ve pin of the volt- 
age source is connected to the 
upper terminal in the circuit 
and S, is closed, D, conducts 
and a current flows through 
Re. The relay contact then 
connects the upper input line 
to the upper output line. At 
the same time, Ds is cut off, 
so that Rey remains unener- 
gized. The lower line is then 
connected to the -ve pin of 


interface convertor 


transistor is cut off. Diode Dy; 
lights when current flows and 
this indicates a correct link 
between computer and PLC, 
The send section of the 
PLC switches on its transistor 
in the quiescent state, so that 


964015 = 11 


a current flows through D4 
which consequently lights. 
The base of T3 is at emitter 
level, so that the transistor is 
cut off and the level of the 
RxD line is —12 V. In opera- 
tion, the sps switches on the 


polarity corrector 


the voltage source. 

If the connections to the 
voltage source are reversed, 
Re; remains unenergized and 
its contact Jinks the lower 
input line (which is then con- 
nected to the +ve pin of the 
voltage source) to the upper 
output line. At the same 
time, Re> is energized, and its 
contact links the upper input 
line to the lower output line. 
In this way, correct polarity of 
the voltage source is guaran- 
teed at all times. 

The circuit may be 
switched on with a switch at 
the input, otherwise, there is 
always a relay on and this 
uses cnergy. The fuse is 
optional. 

The Rc networks across 
the relay coils are essential 
since they smooth out any 
current peaks caused by the 
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switching action of the relays. 
The rating of the various 
components depends, of 
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transistor, which causes the 
level to rise to about +12 V. 

The circuit uses readily 
available components, so that 
its construction should not 
present supply problems. 

The circuit is connected to 
the computer by a 9-way 
sub-p socket (AT COM connec- 
tion), which is expanded to 
25-way by a conventional 
adaptor. At the sps end, a 
suitable 25-way socket is used. 
The LEDs must be fitted so 
that they can be viewed from 
outside: they indicate whether 
the supply is on and whether 
the link to the PLC is all right. 

The circuit may be sup- 
plied by a mains adaptor unit, 
which is modified by solder- 
ing two lengths of insulated 
circuit wire to the secondary 
of the transformer before the 
rectifier. These wires are then 
linked to Ds and Dg as shown 
in the diagram. 

If the mains adaptor has 
no transformer, which is often 
the case. a symmetrical 
+12 V power supply must be 
used. 

The circuit draws a current 
of about 30 mA. 

|W. Kasten - 964015} 
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course, on the application 
and must be determined by 
the user. JA. Rietjens - 964014] 
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LETTERS 


Dear Editor—With reference 
to the letter from J. v Oyen in 
Elektor Electronics May 1996: 
if the VCR has an AUDIO DUB 
facility, then this can be used 
to record audio signals on 
video tape as follows: 


* record television  pro- 
grammes on full length of 
video tape: 

* rewind: 


* as if editing, use AUDIO 
DUB to overwrite with new 
audio signal the audio 
track on the video tape; 
AUDIO DUB leaves intact 
the previously recorded 
syne track 

F. Sugden 

Northwich 


Thank you for this information, 
which we ourselves and, no 
doubt, many readers will find 
very useful. [Editor] 


Dear Editor—I read with 
interest R. Williams’ letter, 
which appeared in the April 
issue, concerning his diffi- 
culty in obtaining software 
for the 68HC11 processor 
board. Recently, 1 wrote a 
Windows-based software sys- 
tem, which enables a user to 
write, assemble and down- 
load program code to the 
processor's RAM Or EEPROM, 
and also to receive dat back 
and store it in a file. The sys- 
tem also allows the user to 
configure the serial port for 
any communication protocol, 
and to diagnose communica- 
tions problems. | would be 
happy to make this program 
available to the readers of 
Elektor Electronics free of 
charge, perhaps through the 
Readers’ Services. 

Patrick A. Gaydecki 

University of Manchester 


Mr Williams has been advised of 
your offer and he will, no doubt, 
be in touch personally. Further- 
more, we thank you on behalf of 
other readers who may wish to 
take advantage of your generous 
offer. [Editor] 


Dear Editor—I am writing to 
make a request that you ask 
of authors of constructional 
articles to publish the 
address of the supplier of 
components they used for 
their original design in their 
articles; particularly where 
they are using PCB mounted 


components, and they have 
designed a pcs layout to fit 
those components. 

I am in the process of 
building a design for an elec- 
tronic exposure timer that 
was published in your March 
199] issue. I have been 
unable to locate suppliers for 
some of the pcB mounted 
components that fit the 
author’s design. It is not clear 
what nationality the author is, 
and therefore impossible to 
say where he would have got 
his components from. 

In your February edition 
this year, you published a 


design for a stereo FM 
receiver using surface 
mounted components. 


Again, I have been unable to 
find a supplier of the FM ICs 
used in the design. 

Peter Bann 

Dover, Kent 


As far as a large part of the 
world is concerned, most 
passive components — are 
made by a number of manu- 
facturers to the same specifi- 
cation. It is, therefore, 
impossible to say where such 
components may be 
obtained, except, of course, if 
it is a special one, such as 
certain sensors or thermis- 
tors. 

Unfortunately, our design- 
ers are of many nationalities 
and often obtain components 
as ‘samples’ from manufac- 
turers or importers, particu- 
larly in the case of Ics and 
semiconductors. But here 
again, many of these devices 
are made by a handful of 
manufacturers to near-iden- 
tical specification. Most of 
these originate from the Usa, 
but a fair number come from 
Japan, Germany or France. 
For instance, the TDA devices 
you mention are manufac- 
tured by Philips (the Nether- 
lands), Siemens (Germany), 
SGS Thomson (France), Sig- 
netics (USA), and others, If 
you have contacted the many 
retailers who advertise in the 
UK magazines and they do 
not stock what you need, 
then there is a problem. But 
even then, our Dorchester 
office can often advise whom 
to contact in the Ev, For 
instance, the TDA ICs you 
mention may be had readily 
from C-I Electronics (see 
page 112). 

[Editor] 
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;, CONSTRUCTION GUIDELINES 
I 


f Elektor Electronics (Publishing) does not provide parts and components other 
| than pcps. fornt panel foils and software on diskette or Ic (not necessarily for 
f all projects). Components are usually available form a number of retailers -[° 
f see the adverts in the magazine. 


i Large and small yalues of components are indicated by means of one of the 
following prefixes : 


E fexa) = 10!8 
P (peta) = 1015 
T (tera) = 10!4 


a fatto) = 
f (femto) = 10°15 
p {pico} = Wr le 


G (giga) = 10° ninano) = 10-? 
M imega} = 106 uw (micro) = 10-6 
k (kilo) = 104 m (milli) = 10-5 
h (hecto} = 102 ¢ (centi) = )0-2 


da {deca} = 10! d (deci) = 10-1 

In some circuit diagrams, to avoid confusion, but contrary to 1EC and BS recom. 

mandations, the value of components is given by substituting the relevant pre- 

fix for the decimal] point. For example. 
3k9 = 3.9 kQ dul = 4.7 ul 

Unless otherwise indicated, the tolerance of resistors is +5% and their rating = 

is 4—'4 watt. The working yoltage of capacitors is 2 50 ¥. 


The value of a resistor is indicated by a colour code as follows. 


OER 
Bi pueids 


TEE: 
3s 


. a 


color Ist digit 2nd digit tolerance 


mult. factor 
black - 0 2 és 
- brown | | x Lol tI % 
' red 2 2 x 102 +2% i 
orange 3 3 x 105 - \ 
vellow 4 4 « 14 - H 
ercen 5 a x lO +, 5% 
blue 6 6 « 106 - 
| violct ri 7 ~ 
grey 8 8 - - 
; white 9 9 = - 
: gold - - x10-! £5% 
; silver = - x 10-4 + 10% 
; none - - - +201 
Examples: 


brown-red-brown-gold = 120 Q. 5% 
yellow-violct-orange-gold = 47 kQ. 5% 


In populating a pce, always start with the smallest passive components. thal) 
i is, wire bridges, resistors and small capacitors: and then tc sockets, relays, elec 
] trolytic and other large capacitors. and connectors. Vulnerable semiconducto 
jy and ics should be done Jast, } 


i Soldering. Use a 15-30 W soldering iron with a fine tip and tin with a resiqy 
core (60/40) Insert the terminals of components in the board, bend them slighty” 

j ly, cut them short, and solder: wait 1-2 seconds for the tin to flow smooth 

i and remove the iron. Do not overheat, particularly when soldering 1¢s and sem 
conductors. Unsoldering is best done with a suction iron or special unsolde 
ing braid. 


Faultfinding. If the circuit does not work, carefully compare the populate 
board with the published component layout and parts list, Are all the compo 
I nents in the correct position? Has correct polarity been observed? Have t 
f powerlines been reversed? Are all solder joints sound? Have any wire bridgg 
p been forgotten? 
If voltage levels have been given on the circuit diagram, do thos 
E measured on the board match them — note that deviations up to + 10% fro 
I the specified values are acceptable. 


i Possible corrections to published projects are published from time to time t 
this magazine. Also, the readers letters column often contains useful con 
| ments/additions to the published projects. 
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READERS 
SERVICES 


| JULY/AUGUST 
FLECYTYROEONMUGES 1996 


GENERA 


Ready-made printed-circuil boards {PCHs), self-adhesive front panel foils. ROMs, EPROMs, PALS, GALs, microcontrollers 
and diskettes for projects which have appeared in Elektor Sectronics may be ordered using the order torm printed apposite 
The form may also be used to order books {private Customers only) 
-ltems marked with a dot {@1 following the product number are 
guaranteed b ime your order is received 
» [tems not listed here are not available 
» The artwork for making PCBs which are not available ready-made through the Readers Services may be found in the 
relevant article 
» EPROMs, GALS. PALS, (EIPLDs, PICs and other micracaritrallers are supplied ready-progranmed 
Prices and item cescriptons subject 10 change. The publishers reserve the right to change prices without onor notification 
Prices and item descriptons shown here Supersede those in previous issues. E. & 0.E 


in hmitec supply only. anc their availability can not be 


ORDERING ; P&P CHARGES 


Exceot ir the USA and Canada, all orders, except for subscriptions and past sssues (for which see below), must be sent BY 

POST Lo our Dorchaster office using the Order Form opposite. Please note that we can ot deal with PERSONAL CALLEAS. 

as no stock és carried at the editorial and administrative office 

Readers in the USA and Canada should send orders. except for sudscriptions (for 

Lab. Peteroorough NH, whose full adoress is given Gn the order form apposite. Ph include shipping cost according te 

wotal order value. For surface detivery in the USA. if order is less than $50, include $3 uriace. if less 
an USS50, inciude US$S: US$50+. USS7.50. For air or other deliveries. please inquire. Please aliow 4-6 weeks for 

oelivery 

All other customers must add postage and packing charges lor orders up to £25.00 as fol'ows; UK and Eire £1.95. surface 

mai! outside UK £2.45; Europe {airmail} £2.95; outside Europe (awmaili £3.70. For orders over £25 00, but not exceeding 

£100.00, these p&p charges should be doubled. For orders over £100.00 in value, p&p charges will be adysec 


HOW TO PAY 


Unless you have an approved credit account with us, all orders must be accompanied by the full payment. including postag 
and packing charges as stated above 
Payment may be made by cheque drawn on a London clearing bank (out sce 4 betow). postal order, VISA. 
Access, MasterCard or EuroCard (when paying by credit card, the order must ge the cardnolders address}. Do noi send 
cas ough the mail. Cheques and postal orders should be crossed and nage payable to ‘Etektor Electronics (Publishing}’ 
Payment may also be made by direct transfer from a private or business Giro account to our Gire account No, 
44 152 3801 by completing and sending te the National Giro Centre. in a National Giro postage paid envelope, a National 
Giro transfer‘deposit farm. Oo not send Giro transfers direct to us, as this will delay your order. 

If you live outside the UK. payment may also be made by Bankers’ stening draft drawn on a London clearing bank, 
Eurocheque made out in pounds sterling (with holder's quarantee card number written on the back}. of US or Canadian 
dollar cheque. but Such cheques, accepted at the exchange rate prevailing at the time your order is received, mus! be 
increased by the equivalent of £15.00 to cover our bankers’ negotiating fee 

If you pay by Bankers’ sterling draft, make clear to the issuing bank that your iull name and adoress MUST be comm: 
to the London cieanng bank 

Our oankers are National Westminster Bank, 49 South Street, DORCHESTER, Dorset DT1 10W, England 
Our account number is 6966 3340 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available. should be ordered from Worldwide Subscription Service Ltd, Unit 4, Gibbs 
Reed Farm. Pashley Road, TICEHURST TN5 7HE, England. For subsc-iptions, use the subscriptions order form elsewhere 
in ths magazine. 

Prices at past issues (except July‘August and December). «icludong 
$3 00 (surface mai! outside UK} £3.20 (air mai Europe}. £3.95 {airmail outside Europe). Prices of pas 
December issues, including postage for single copes, aré¢ £3.76 (UK): £4.00 (surface marl outside UK} 
Europe), and £5.00 {airmail outside Europe} 


PAST ARTICLES 


For information on past articles, please contact our Editorial and Administrative Office in Dorchester (telephone 01305 
250995; fax 01305 250996) 


COMPONENTS 


Components for projects appearing in Flektor Electronics are usually available from appropriate advertisers in this magazine 
If difficulties in the supply of components are envisaged, a source will narmatly be advised in the article. It should be noted 
thal the source(s) gwen is (are) not exclusive — other suppliers may also be able to help 


TERMS OF BUSINESS 


Delivery Although every effort will be made to dispatch your orcer wethin 2-3 weeks trom receipt of your instructions, we 
can not guarantee this time scale for alt orders 

Returns Faulty goods or goods sent in error may be returned tor replacement or correction, but not oefore 
consent. All goods returned should be packed securely in a padded bag or box. enclosing a covenng letter stating the 
dispatch nota number if the goods are ceturned because of a mistake on our part, we will refund the return postage, Goods 
feturned tor relund must be in resaleabe condition and will be subjec: to a 10% handling charge wth a minimum charge at 
£2.50 

Damaged goods Clams for damaged goods must be received at our Dorchester office within 10 days (UK); 14 days 
(Eurape) or 21 cays (all other countries) from the cate on our ‘Recorded delivery’ sap 

Cancelled orders A! cancelleo orders will be subject to a 10% handling charge with a minimum charge of £2.50 
Palents Patent protection may exist in respect of circuits, devices. components. and se on, described in our books and 
magazines. Elektor Bectronics [Puolshing) do not accept responsibility ar liability for failing to icentify such patent or other 
protection 

Copyright All drawings, photographs, articles printed circuit boards. programmed integrated circuits, diskettes and 
software carriers published an our books and magazines {other than irs third-party advertisements) are copyright and may not 
be reproduced or transmitted in any form or by any means. including photocopying and recording, in whole or in part 
without the prior permission of Elektor Electronics (Pubtishing) in writing. Such written permission must also be obtained 
before any part of these publications 1s stored in a retrieval system of any nature 

Notwithstanding the above, printed- cir ut boards may be produced for private anc persona! us¢ withoul prior permisston 
Limitation of liabilily Elektor Electronics (Publishing) shall not be liable in contract, tort, or oth y r 
damage suffered by the purchaser wha ar Gr Nowsoever arising cut of. or in connexion with upply of goods or 
services by Elektor Electronics (Publishing) other than to supply goods as described or, at the option of Elektor Electronics 
{Publishing}. to refund the purchaser any money paid in respect of the goods. 

Law Any question relating to the supply of goods ano services by Eektoy Electronics (Publishing) shall be determined in all 
respects by the laws of England June 1996 
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Harmonic Distortion Meter 936024-1 
Sound-to-Light Unit 9601 23-1 
50-MHz d8m Meter 964039-1 
Precision Battery Capacity 

Meter 964040-1 
Video Fader 96407 6-4 
Inexpensive AD/OA Converter 

- PCB 984092-1 


966009-1 


~ software on disk 
Single-Chip AF Power Amp 
Lambda Probe Monitor 
Miniature Power 4 


964020-1 
964032-1 
964038-1 


Mmolfier 


JUNE 1996 
Flash EPROM Programmer;Emulator 


- PCB + 960077-C 
- disk on 966017-1 
Keyboard Swap for PCs 950126-1 
Stop that Barkirg! 960035-1 
23cm ATV preamplifier 960072-1 
Pulsimeter 960005-1 
Burglar Deterrent Lighting 960022-1 


MAY 1996 
Intelligent Chess Clack 
- PCB + 87051 (946645-1) $50097-C 


8751 946645-1 
Digital VU meter (2} 
- PCB + IM (346646-1) 9S0098-C 
- EPROM 270512 946646-1 


Surround Sound Suowoofer (3) 
- PCB 960049-1 
Mains Valiage Manitor 


F §60055-1 
64-Channel Logic Analyser 
- main PCB, disk &IC4,IC5 960033-C 


IC4 ispLSI1016 966506-1 
$66506-2 

- disk {MSDOS) 966010-1 
ension PCBs (3-in-1) 960033-2 
-1C20'30/40 ispLS1016 © 96650b-2 


APRIL 1996 

U2402B Battery Charger 
Centronics Interface 

- PCB ~ disk (966008-1) 9 


950120-1 


2-C 
6: 


008- 


talled AF Analyser (2. 


- Software on disk 966003-1 
MARCH 1996 

Housepiant Buzzer 

(40n 1 board) 950118-1 
PIC-Controlled ADS Decoder 

- PCB ~ PIC (966505-1)  $60050-C 
- PIC 16084 966505-1 


FEBRUARY 1996 
SIMM tester 

- PCB + EPROM (966503. 
- EPROM 

2C Intertace for Certronics 
port 

- PGB ~ disk (946202-11 
- control software on disk 
Passive VU meter 


950063-C 
$46202-1 
950124-1 


FM Receiver in SMT 936049 
icy Roads Warning 960029-1 
JANUARY 1996 
SECAN-to-PAL Converter = 950078-2 
Copybit Inverter 

- PCB + MACH/GAL 950104-C 

~- MACH/GAL 956513-1 
Passive Component Tester 
- PCB 960032-1 
~ Front parcel foi 
DECEMBER 1995 
3.3-15V Power Supply 950106-1 
Practice Amplifier for Guitars 950016-1 
Smar Transistor Tester 
- PGB + PIC (956502-1) = 950114-C 

- PIC 16071 956502-1 
Micro PLC System 

PCB + B7C750/51 + disk 950093-C 
- 870750/51 956514-1 
- control software on disk © 956016-1 
Active potenho Neter 954099-1 
Descaler 954080-1 
Actwe probe 954093-1 
Two-way PC-Fax Interface 954033 
NOVEMBER 1995 
PIP Processor 
-PCB + 87051 (956505-1) 950078-C 
- 87051 956505-1 
FM noise squelch 950089-* 
PA 300 power amp itier 950092-1 
Jogging LED 950112-1 
Oscilloscope prescaler 950115-1 
OCTOBER 1995 
MatchBox BASIC computer: 
- PCB, 8751, disk and 

Quick Reference Card 950011-C 
- 87051 956508-1 
- Course diskette {00S) 956005-1 
- Quick Reterence Card 950011-P 


5.50 
$.50 
16.50 


8.00 
12.25 


16,00 
24.50 


Not Ai vailable 


Not Available 
Not Avaiable 
Nat Available 


te 
S00 
eosss 


mruwe 


10 


ono 


83.50 
61.50 


55.00 
14.00 
34.00 
55.00 
24.00 


32.50 
1200 


§2.00 


20.00 


20.25 

12.2 
8.00 
5.00 
6.00 


29.00 


44.00 
35.25 


19.75 


54.75 
30.75 
10.75 
19.75 

7.00 
27.75 


a 
Not available 


58.00 


88.00 
70 56 


0 


18.50 
34.50 


68 50 
71.00 


89.00 
49 00 
20.00 
19.00 
11.50 
16.00 
29.50 
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Articte title Order no. 


Speciat Autumn Supplement: 

~ Expetimentation board for 
PIEs, incl. free disk for PLO 
Fruiaton Using PIC Micro- 
controllers 944105-) 

SEPTEMBER 1995 

Hi-Fi headphone amphfle: 

Dongle safe 

- PCB 


950064-1 


SSQ069-1 


» GAL 102 (20V8) 9565171-1 

- GAL ICB (2210) 95651 2-1 

HexFET power amp upgrade: 

- amplifier PCB 930102 
wwer-on delay PCB 924055 


eliminator update 
-PCB + MACH (986504-1} 950084-C 


956504-1 

scilator 950095-1 
JULY/AUGUST 1995 

Actwe mini subwaoler 936047 

Mini robot ca’ 936069 


Simple AF function generator 950023-1 

Alkali/Manganese battery 

charger 

Fast charger for NiCd batteries 

* PCB + ST62T20 (956509-1)95 
- §T62T20 

Simple 10 card 


950056: 


gs 


§-¥ motive battery charger 940083- 1 
JUNE 1995 
Funchon generator 

PCB 950068-1 
- Front pariel toi 950068-F 


Electronic sandglass 


- PCB + 870751 (946647-1)950052-C 


» 87C751 946647-1 
Auta light control 950050-1 
VGA distribution amphfier 950017-1 


MAY 1995 

MIDI analyse 

- PCB + EPROM (956507-1)940020-C 
- EPROM g5a507-1 
Programmer for 8789051 

Series Flash contr 
PCB + EPROM (956644-1)950003-C 


- EPROM I46644-1 
Programimab it ‘ave generator 
-PCB + disk (956005-1) 950004-C 


- contol software on cisk 
NiCd battery-qualty tester 
- PCB + S162T15 


956005-1 


$762715 956506-1 
APRIL 1995 
E.ectronic oarometer 936033 
Bat oetecior 046 
Sun blind control 950035-1 
Function gene 
PCB + front panel foil 950044-C 
- PCB 950044-1 
Front panel foil 950044-F 
Stepper motor conta 
950038-0 


- PCH + 8751 + disk 
~ B75 gs6509-1 
956004-2 


program on PC cis« 


MARCH 1995 

Telephore-contro‘lec mains switch 

- PCB + PIC (946642-1) 950010-C 
- PiG 16C54 946642-1 
DSP function generator 

- PCB + disk {956001-1) + 

EPROM | 


VBR PC disk 


956001-1 
program manual 950014-P 


ToA1s600 Car audio 
amplilier 950024-1 
FEBRUARY 1995 
Mil muttiplexor 930101 
Automatic lighting timer 940098+1 


9401 09-1 
940100-1 


Infrared dimmer 
Light-effects generator 
Uparade your car battery 
charger $40 
Surround sound pracessor 950) 


(956506-1)950051-C 


17.75 


36 50 
525 


12.26 
8.00 
7.50 


26.50 
14.50 


19.50 


12.25 


25.26 
18 25 


50.75 
36.25 
3.75 


Elektor Electronics books 


How to build your tronic 
in Jostruments oe 
OW 10 Dusit — 
sro YOUr own AF yaiye ; 
it Course 8051/8032 7 
Microcontrollers 
MT ore and Assembler £0.95 
30T Chouis ce 
302 Circuits e098 
303 Circuits 10g 
304 Circuits ae 
: 5 Circuits : He - 
Dats erOcess0r Data B e 
Dai ‘Sheet Book 2 ii 4 4 
00k 8: Peripheral Chips 
Data Book 4: Periphera) Chins e1 0 rs 


25.50 
12,90 


81.00 
73.00 


10.50 


24.50 
16.00 
15.00 


8.50 
33 50 


59.00 
29.00 


39.00 
24.50 


50.50 
36.50 


17.00 
20.50 
18.50 


43:50 
22.00 
25.00 


101,50 
70.50 
7.50 
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Please send this order farm to * 
Elektor Electronics (Publishing) 
P.O. Box 1414 

Dorchester DT2 8YH 


ENGLAND 
Tel. (01305) 250995 
Fax (01305) 250996 


7/8-96 
VAT No,GB 454 135 463 


ORDER FORM 


*USA and Canada residents only: use S prices, and send 
order form to: 

Old Colony Sound Lab, P.O. Box 243, Peterborough, 
NH 3458 

Tel, (603) 924-6371. 924-6526, Fax: (603) 924-9467 


Post code 


Date 


Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskettes, 
state the part number and description; for books, state the full title; for photocopies of articles, state full 
name of article and month and year of publication. Please use block capitals. 

Qty.| Order Code 


Description Price each 


Sub-total 
P&P 
Total paid 


Prices and item descriptions subject ta change 
The publishers reserve the right to change 
prices without prior nobficatian, Prices and item 
descriptions shown here supersede those In 
previous Issues. E, & OE. 


Method of payment (see opposite before ticking as appropriate) 
Note: cheques not made out in sterling must be Increased by the equivalent of £15.00 


(_] Bank draft [_} Cheque (payable to Elektor Electronics Publishing) 
[_} Giro transfer (our account no. 34 152 3801) 
|_J Postal/money order 


Access " 
Visa = ron ( Ee \ Expiry date: 
i on on nn oa | 8 5 en ee ee on nn ee 8 ee ee ee ee ee en ee en ee eee eee eee a 
SOE 1 ee) RR Sy (©) (USS) ui MH uiuenet HC. | 
laduction motor guvermner = §40095-1 7.50 15.00 JULY/AUGUST 1994 800535 assembler course: 
General purpose IR volume - EMONS2 ROM + disk (1811) 6221 17.05 34.10 

JANUARY 1995 control 990099 18.00 - Gisk (IBM PC format) 181 8.80 17.60 
Mini Audio DAC §40099-1 14.75 29.56 IR controlled switch 996066 19.50 PIC programmer: 
1-to-3-phase converter MIOl swell pedal -PCB + software sel (7161)940048-C@ 66.00 132 00 
-PCR + GAL + EPROM 9400776 9 52.75 105.50 - PCB + EPROM (946695-1}940019-C 53.50 ~PICI7C42 + PC desk 7161 82.75 108.50 
+ GAL Ja6640-1 12.25 24.40 | - EPROM 27064 946835-1 27 50 1O0W AF amplifier 
- EPROM §46640-2 15.75 3150 | Charge mater $40033-1 11.50 - adaptor board 930039 4.25 16.50 
?.08.7. diagnostic card doystick-to-mouse adaptor = 9449040-1 14.00 - ampiilier board 920135-1 19.40 33.80 
PCA + GALS (946639-1/2)950008-C 29.25 5850 | Centronics |'0 interface 944067-1 7.50 - protection ooard 920135-2 7.95 15.90 
~ GAL-1 946639-1 11.00 22.00 | 800451 controllerooard 944069-1 15.00 30.00 
- GAL-2 946639-2 = 14,00 2600 Robust AF power amp 944078-1 9.75 19.50 FEBRUARY 1994 
Self-loaging EEPROM type PC over-temperature alarm  944076-1 425 6.50 800535 single-board 
XBOCH4 SLIC 940116-1 6.25 16.60 1-4 MByte SIMM adapter 944094-1 15.50 31.00 compute: 924046 14.10 28.20 


944080-1 6.25 12.50 
944105-1 17.75 35.50 


Debugging 8034,/8051 

microcontroller systems 

PCR + disk (946203-1) 940117-C 1500 30.00 
- software on IBM PC disk = 946209-1 F180 29.00 


Optical doorbedl 

PIC experimenting board 
RCS transmitter with 80C535: 
- PCB + disk (946199-1) 944106-C 13.00 26.00 
- Software on IBM PC disk =946199-1 979 19.50 
Smalt loop antennas 

- software on IBM PC disk 1951 175 21.50 
Software emulation af RCS 

infra-red code: 

- software on IBM PC disk 190t 10.75 21.50 
PIC programming course 

- fiies and misc. utlities on 


- PCB + MACH + GaL 930098-C@ 46.25 92.50 
- MACH + GAL 6321 4225 984.50 
930106 2925 58.50 


Copybit eliminator 
Price: £2.95 + P&P {£1.50 UK; £2.00 outside LIK) 

Mini preamplifier 
Bidirectional R5292-t0- 
Centronics converter 930134 «14.00 28.00 VHF’UHF TY tuner 
- PCBs -1 and -2, and 

wl afCbt {7141} 990064-C 57.25 11450 
- uC 87051 Fiat 28.76 51.90 
Output amplifier with AF 
bandpass filter 
Oigital hygrometer 


DECEMBER 1994 

in-car audio amplifiar (3) 
AF immune power Supply 
ispStarter kit from Lattice 
- PCH + disk (946204-1) 
- Examples on PC disk 


940078-2 ©630.25 60.50 
940054-1 960 18.00 JANUARY 1994 

SIM — an #051 simulator: 

- software on IBM PC disk 1931 34.25 68.50 
Digital dial 920161 = 12.75 26.50 
RDS decoder 


940093-0 = 21,50 43 00 


946204-1 9.75 19.50 Sonn? 675 13.90 


NOVEMBER 1994 | IBM PC disk 946196-1 9.75 19.50 - PCH + EPROM (6331) 930121-C =. 23.75 $1.50 ~PGR + EPROM (60%) §30104-C = 28.00 $6.00 
Single-wire communication 940055-1 400 800 | - EPROM 27064 6301 1450 29,00 - EPROM 2764 6401 14.50 29.00 
In-car audio amplifier (2) S40078-2 30.25 8050 ' JUNE 1994 PC tester Power MOSFET tester 9B0107 = 32.50 65.00 
Solid-state disk: 800535 SBC extension - PCB + GAL (6341) 930328-C = 36.25 7250 | 

- POB + EPROM (S46641-1)940068-C 47.50) 95.10 - software 1944 9.76 19.50 - GAL type 6001 6941 30.75 61.50 OCTOBER 1993 

EPROM 27256 94664 1-1 2350 47.00 - PC display software on Teephone-controlled switch Stereo mixer UPBS-1 195 490 
Simple capaciance meter Q40N91-1 7O.00 30.00 IBM PC disk 19.50 - EPROM 2764 6271 14.50 29,00 MIDI channel monitor 930059 14.00 28.00 


946197-1 a7 
940057-1 Z 


; 930068 14.00 28.00 
946035-1 6.25 1250 


PC bus booster 
RS5+85 interface 


Ab meter with digital display 


OCTOBER 1994 DECEMBER 1993 Autoranging frequency 


Motive-battery charger 940089-1 7.28 14.50 | Fuelennsumption monitor  940045-1 6.00 12.00 535 card with EPROM emulator: readout 930034 12.50 25.00 
IMagrated AF amplifier: ‘ titedigent EPROM eraser 940058-1 9.00 1800 - GAL and PAL 6311 26.00 52.00 ROM-gate switchover for 
- output amplifier board S36062-1 9.50 19.00 AMS AF voltmeter: Atari ST 930005 M25 6050 
- preamplitier POE 9362-2 26.25 56.50 MAY 1994 - PCB 930108 12.25 24.50 Microntroller-driven NiCd 


930108-F 17.25 3450 
930094 6.25 1250 


Tester for IA ramete control S40084-1 6.50 13.00 
In-car audio armnpiitier {1} S40078-1 14.00 22.00 
TV [ine monitor: 


- front panel foil 
IC power switch 
Medium power HEXFET 


battery cnarger 
- board and ST62E15 920162-C = 25.50 51.00 
- 8T62E15 TOF) 10.00 20.00 


Mains signalkng system - 2: 
- transmitter PCB, disk (1911) 
and EPROM (63711 $40021-20 = 33.25 66.50 


-PGB + PIG (946643-1) S40065-C 28.25 52.50 - EPROM 27064 6371 = 13.25 26.50 amplitier $302 12.75 25.50 Fuzzy iagic multimeter - 2: 
- PIC 18054 946543-1 20.25 40,50 - software on IBM PC disk 1911 975 19.50 Microcontroller-driven UART - PCH + Fuzzy Cortrol One = 920049-C 2a75 47.50 
- PCB gg00r3 475 9.50 - Fuzzy Control One disk 1721 7.75 15,50 

SEPTEMBER 1994 APRIL 1994 - §162T10 7151 17.25 34.50 

Switchabie a.c. supply 934004 650 13,90 Mains signalling system - 1: SCART switching box 930122 14.25 28.50 SEPTEMBER 1993 

Compact frequency meter = 940051-1 900 18.00 | -recawer board 940021-1 10.25 20.50 Fuzzy logic multimeter-1 = 920049-2 20.00 40.00 

Revolution counter: | 68HC11 processor board 990123 7.75 15.50 NOVEMBER 1993 Linear lemperature gauge 920150 7.06 14.10 

- sensor board (option) 940045-4 6.00 12.00 Headphones amplifier 940016 18.75 37.80 Precision clock for PGs PC-aided transistor tester 

- main board 940068-2 5.50 11.00 | - PCB + disk (1874) 930058-G 12.25 24.50 - PCB 920144 975 19.50 
| MARCH 1994 | - software on (BM Pc disk 1871 6.50 17.00 - software on IBM PC disk 1781 7.o0 15.00 
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Harmonic enhancer 930025 13.60 27.00 Philips preamplifier: 920135-2@ 7.95 15.90 
2 alphanumerical display: - PCH 930003 7.50 15.00 Peak-datta NiCd charger 920147@ 4.10 8.20 A-DiD-A and W'0 for 20 bus 
- PCH + disk (1851) 930044-C = 14.25 28.50 - software on IBM PC disk 1861 850 1700 j Mains power-on delay 928055@ 6.45 12.90 - PCB H0i1-2@ 6.15 12.30 
- Software on lM PC disk 1861 850 1700 - software on IBM PC disk 1821 7.65 15.30 
Mini muicra clock APRIL 1993 NOVEMBER 1992 
- PCB 990056 7.50 15.00 Audio power meter 930018 @ 10.25 20.50 | Difference thermometer 920078@ 5.30 19.60 FEBRUARY 1992 
= clack: 8762715 rah 11.50 23.00 Video digitizer for PCs: ; Low-power TTL-to-AS232 (2C interface for PCs S1IN131-1@ 14.40 28.80 
- darkroom timer: ST62T15 7121 11.50 23.00 - PGB + disk (1831) 930007-Ce 37.0 74.00 interface S2M27@ 355 7.10 8051/8032 assembler course: 
= cooking timer: ST62T15 Fiat 11,50 23.00 - Software on IBM PC disk 1831 0-14.50 29.00 - EMONS1 EPROM + course 
950-1750 MHz converter UPBS-1 1.95 3.90 Infrared receiver for 80032 OCTOBER 1992 disk for IBM PGs (1661) 6061 = 20.00 4000 
singlé- board computer Wideband active antenna S24101@ 325 6.50 - EMONS1 EPROM + course 
JULY/AUGUST 1993 - PGA and disk (17911 920149-C@ 14.50 29.00 RDS cemodulatar 880209@ 5.30 10.60 disk for Atari (1681) 6091 20.00 40.00 
Active 3-way loudspeaker + software om IBM PC disk Pascal routines for Multi- » course disk for IBM PCS 1661 765 15.30 
aystem 930016 821450 43.00 also for DTMF decoder 1791 7.60 15.00 function Measurement Gard ~ course disk for Atari 1681 7.65 15.30 
Maxi micro clock 4MB printer buffer card: tor PGs: software on disk 1751 970 19.40 
~ PGB 930020 15.50 31.00 - PCB 920009@ 27.50 45.00 JANUARY 1992 
- chock: ST62T10 81 = 11.50 29.00 - EPROM 27CB4 6041 15.90 30.60 SEPTEMBER 1992 Mini 789 system S10060@ 10.60 21.20 
+ darkroom timer: 8162710 7091 1450 23.00 > front panel foil 920009-F@ 8.25 16.50 EPROM emulator - 11; Prototyping board for 
- coowng timer: STB2TIO 7101 = 14.50 23.00 - PCB 910082@ 10.00 20.00 lM PCs S10048@ 21.15 42.30 
SMO soldering station 990065 950 19.00 MARCH 1993 i Software on IBM PC disk 129 675 13.50 PC-controlled weather 
VHF-low converter 928087 = 14.50 31.00 Linear sound pressure meter S3006@ 7.00 14.00 station (31: 
(2G bus fuse (5 on t PCB) 934016 §00 16.00 Electrically isolated R52d2 JULY 1992 + Sottware on IBM PC disk 
Voice operated recording 994039 6.00 12.00 interlace 920138@ 10.25 30.50 12V0C to 240VAC inverter (supersedes 1551 and 156%) 1641 7.65 15.30 
General transformer PCB 934004 650 13.00 TY test pattern generator for - main board 920039-1@ 17.15 22.30 
Plant humidity monitor 994031 450 9.00 8032 SBC - power board 920039-2@ 645 12.50 DECEMBER 1991 
Plant humidity monitor - EPROM 27256 6151 15.30 30.60 - front pane! fail 920038-Fe@ 16.15 32.90 Ciass-A power amplifier (21; 
{supply} 934032 400 3.00 - protection PCB AB0092-3@ = 7.50 15.00 
Four-fold OAG card for Pls FEBRUARY 1993 JUNE 1992 > power supply PCB ABO092-4@ 7,60 15,20 
- GAL 6251 10.75 21.50 Digital audio;visual systern (4) PC display 920004@ 470 9.40 Connect-4 sottware in 
Mutti-purpuse display decoder: + sottware package. EPROM Guitar tuner: 2784 EPROM 6084 15.30 30,60 
- EPROM 27128 6261 17.50 23.00 GALS anc IBM PC disk 6141 30.50 61.00 - PCH 820033 @ 10.00 20.00 
U24008 NiCd battery charger: - front panel foil 920033-F@ 680 17.60 NOVEMBER 1991 
JUNE 1993 - PCB 920098@ 8.75 17.50 Multi-purpose 780 card 920002 @ 20.25 40.50 | Relay card for universal 
Specteum VU meter 920151 13.00 26.00 - front panel foil 920098-F@ 875 17.50 - GAL set (2x1 V8) 611 14.15 22.90 WO interlace $10038@ 12.95 25.90 
GAL prograrrimer upgrade Digital-audio enrancer 920169 @ 14.25 28.50 - BIOS EPROM 27128 6121 15.30 30.60 Class-4 power amplifier (1}. 
- PCB 930060 450 9.00 [20 optoyrelay card - software on IBM PC disk 1711 7.65 15.30 - voltage amp. PCB 880092-1@ 9.95 19.90 
- software an IBM PC disks WO. | =11.15 22.30 - PCB 930004@ 17.00 22.00 > current amp. PCB §80092-2@ 9.05 1810 
-idem, wo Opaldr disks 1881 10.75 21.50 - software on IBM PC disk 1821 7.65 16.30 May 1992 Timer for CH systems UPAS-2 aa0 7.60 
» software on Amiga disk 1841 11.00 22.00 Watt-Hour meter: GAL programmer: 24-0it full-colour video 
Digital frequency readout - PCBs -1 and -2, and - PCB 920030@ 11.15 22.90 digitizer extension for 
for WHF;WHF receiver 926001-2 11,50 23 60 EPROM (62411 920148-C@ 97.25 74.50 » software: see June 1993 Archimedes project) 
Inexpensive phase meter; - EPROM 27256 6241 10.00 20.00 - software on Arch. disk 1631 W165 2230 
- main board 930046 9.00 1800 APRIL 1992 | 
+ meter board 920018 470 940 DECEMBER 1992 80032 SBC extension S10109@ 13.50 27.00 OCTOBER 1991 
- front panel toil 930046-F 17.25 34.50 1 2 GHz multifunction 2-metre FM receiver 910134@ 10.30 20.60 Aucio spactram shift 
¥2404-to-8751 interfacing: drequency meter: Automatic NiCd charget UPBS-1 195 3,90 encodendecader S10105@ 10.35 20.70 
- software on IBM PG disk 1891 #50 17.00 -PCB + EPROM (6141) 920095-C@ 29.40 58.80 LCD tor .-C meter g20018@ 34.70 9.40 
+ EPAON 270256 6141 11.45. 2290 
MAY 1993 - front panel foil 920095-F@ 13.80 27.60 | MARCH 1992 
FM sterao signal generator 920155 23.00 46.00 ‘Output amplifies for nbbon ! 8751 emulator 920019@ 12.05 24.10 Availability of older items is advised by our Dorchester 
VHF/UHF receiver 926001 19.00 38.00 loudspeakers 920135-1@ 19.40 36.80 | -EPROM27C64+IBMoisk 6051 29.40 58.80 Oftiice. tel. (01905) 250995, fax (01905) 250996. 


PLEASE MENTION ELEKTOR ELECTRONICS WHEN CONTACTING ADVERTISERS 


- GEZODA WV ixesantecsnmtracvorernccancners 
That’s right, you found us 

Digital VU Meter 
ADSP21D5-KP4D.... 
MAXT219CNG......... 

CSA TEP ecsrortes emaseeicisrardnsditetal 


April 1996 


U2402B Battery Charger 

£950120 Components Set, incl. PCB. 
ESM case and transformer 119.00 
U2402B-C 9.95 » BUZ105GS 2.95 


March 1996 


Surround Sound SubWoofer 
SPH-300TC SubWOOTER 00-60. 0.-:199.00 
wat. Skgs P&P 40 (Eu) 


@ The only international mail order company totally 
dedicated to Elektor Electronics projects. 

@ Prices in Netherlands Guilders (NLG), excl. VAT. 

@ Contents of Components Sels matches published 
parts lists, including PCB and software item(s). 

@ Mini catalogue against one IAC (ask a! your PO). 

@ Ail components are new, fram major 
manufacturers, and fit on Elektor Electronics 
printed circuit boards. 

@ No surcharge on credit card orders. 

@ The one-stop source for all Elektor projects. 

@ Component Set order codes underlined. 


Sound kit 
1 TOATOSE 
1@ TOA? 330 


Superb project which no serious 
hobbyist or lab worker can afford 
to miss. We have the complete 
pants sets for you to assemble. 


basic version 


NLG 359 


Satellite Finder 
£960041 Components Set........... 


please note: new address and fax number! wists 


Solar-charging regulator 

LYs0uo6 Components set, incl. metal box 
and heatsink 

Other projects in this issue: please enquire 


June 1996 


Flash EPROM Programmer/emulator 
EXGOU?? Camponents Set incl. 29F04D. 
excl. 32-p, ZIF socket 285.00 


Stop That Barking! 

EYHUOI5 Components Set excl, plastic 
box and batteries... cece LOD 
Choke 27?mH 2.95 » Toko ac buzzer 2.95 


23cm ATV Preamplifier 

ESOT? pines Set inc|. metal box 
2275 

MGFI 302 31. 755 » ; NISAQ6B5 42, 95 


Pulsimeter 

EShQ005 Components Set incl, 9¥ 
rechargeable and case 

CNY70 2.95 


Keyboard Swap for PCs 
oN sockets . 34.95 


Burglar Deterrent Lighting 
E960022 Components Set w/o case 64.50 


May 1996 


Logic Analyser 
* E96O033-C Components Set for 16 Ch. 


main instrument, incl. PCB, disk and 
ispLSI chips, excl. case and power supply 


1 Ext. board 3*16 Ch. incl. 
aaa 11 Co) 229.00 
E9G00I5-U2 Companents Set 1°16 Ch. 
(extension for E960033-U1} 189.00 


Surround-Sound Subwoofer - 3 
ES6D0-9 Components Set Filter and 
Amplifier {mono} excl. large power supply 


| and speaker 


SPH-300TC subwoofer 


MJE1S031 
GT20D201.... 


112 


MAR-8 or eq. MSA0885 18,50 » 
Feedthrough ¢ inf 0.75 » Ferrite bead 
3mm 0.75 


PiC-controlled RDS decoder 
E960050 Companents Set. incl, PCB + 


1 PIC. 2 169.00 


10A7330 24.25 » LCD LM16A211 47.50 
» 4.332MHz crystal 2.95 


February 1996 Z 


IC Interface for Centronics Port 
L9Sb083 Companents Set. incl software 
on disk...... oe 122.90 


SIMM Tester 
£960039 Components Set w. LCD 190.00 
LCD LM16A21 47.50 


January 1996 
Copybit Inverter 
E859104 Components Set........ 


Smart Transistor Tester 


£95114 Components Set, incl. PIC, PCB 
&cD... 215.00 


.-199,00 


Micro PLC System 
CS50093 Components Set, incl. case, 
870751 and disk 


Oscilloscope Prescaler 

E930115 Components Set. complete, but 
excl. mains transformer 

2N427 39.95 » ZN4268 28,90, 
4,194304MHz xtal 2.95 » BATE2 0,75 » 
BF450 0.40 


October 1995 


MatchBox BASIC Computer 
£9500°1 Companents Set. incl. PCB. 


We have much more than can be listed here 
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B7C51, disk, fuil IDC and RS232 
connector set, Quick Ref. Gard ......195,00 
MAX232N 5.25 » ST24C02B1 SEEPROM 
3.95 » ST24C04B1 SEEPROM 3,95 » 
5T24016 SEEPROM 6.95 » 11.0592 MHz 
xtal 4.95 » PLO44 socket 4.95 


PIP Processor 

E950079 Components Set, incl 87051, 
PCB, case, excl, transformer 575,00 
Price without PCB and 8751;.........398,00 


September 1995 


Hi-Fi Headphones Amplitier 
£950064 Components Set w;'o box ..39.95 


CATALOGUE AGAINST ONE IRC 


7-8/96 


Increase the ‘scope of your PC: 


PC BORAGE CSCALOSCOPE ¥ 


Harness the processing and storage 
power of your existing PC (286 or better) 
to give you a high performance storage 
‘scope for a fraction of the price of a 
comparable piece of equipment. 

If you've already got a PC, with MS- 
Windows for accessing the assembly 
instructions, don't waste money buying 
a storage ‘scope when you can build 
yourself this superb PC Storage 
Oscilloscope add-on unit. 

Features include 8-bif vertical 


tesolution, 4K-byte/channel memory, 


TIFF (lagged Image File) format, and 
linear or rounded interpolation. 


* Accurate Oscilloscope Operation 
* Comprehensive Software 
* Expandable to 2-Channel 
* Waveform Storage, Printer Output 
* Timebase 100ns to 100ms/div 
* Input Sensitivity TOmvV to 5V/div 
* Ideal for Laboratories, neste and 
Colleges 
PC Storage Scope Kit, 
Order Code 51272, £169.99 [H] 
UK Carriage £6.00 


INTERESTED? 


Demonstration Disk 


See the full-colour 
display, with sample 
waveforms and 


on your own PC! 


Only £2.99 
Order Code 51273 


operational controls 


Second Channel Kit 


Equips the PC Storage Scope with a 
second channel allowing side-by-side 
comparison of two signals. 

Order Code 51271, £64.99|C] - 

UK Carriage £2.90 


— NOW on 0800 136156. 


or phone 01702 552911 for details of 
your nearest Maplin or Mondo store. 
All iterns subject to availability, Prices include VAT. 
Handling charge £1.55 per mall order. E&OE. 


